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Chapter 1  
INTRODUCTION 
“Education is a social process [...]. Education, therefore, is a process of living and not a 
preparation for future living.” (Dewey, 1897, p.2) 
When developmental psychologists study children learning music, their focus is often on 
how taking music lessons affects children’s development in other areas (for instance the 
effect on children’s intelligence, reading and writing skills, social skills etcetera (Hallam, 
2010a; Schellenberg, 2004)). Although conceptually interesting, these studies tend to 
divert the attention from an important topic: the value of music in itself. Music often plays 
a central role in children’s lives, whether they just listen to music, play in a band with 
friends or learn to play a musical instrument through formal music lessons (McPherson, 
Davidson, & Faulkner, 2012). In the Netherlands, 35% of the children played a musical 
instrument in 2007, of whom about 40% took music lessons (Van den Broek, De Haan, & 
Huysmans, 2009). In line with the statement of Dewey, I would state that music is an 
important part of children’s life itself, and not just a preparation for development outside 
music. This fact makes music lessons a relevant context for studying children’s 
development (see also Kupers, Van Dijk, & Van Geert, submitted). Complementary to this, 
the fact that learning to play a musical instrument has fundamental characteristics in 
common with learning in other contexts, so that important psychological constructs can 
very well be studied in individual music lessons. I will illustrate this point later on in the 
Introduction. 
 
Education in general and music learning in particular are socially situated processes. 
Vygotsky already emphasized the social dimension of learning by stating that learning 
occurs through the interaction between the child and the child’s direct environment 
(Vygotsky, 1978). In educational settings, learning occurs primarily through interactions 
between students and their teacher. The student and the teacher both play an active role 
in co-constructing new knowledge and skills. Through this interaction, they mutually 
influence each other, resulting in different possible learning trajectories over time.  
Although this mutual influence between the child and its direct environment is recognized 
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in major developmental theories (for instance in the work of Sameroff (e.g. Sameroff & 
Chandler, 1975; Sameroff, 2009), Thelen (e.g. Thelen & Smith, 1994), Van Geert (e.g. 1994;  
1998)and Fogel (e.g. 1993;  2009)), empirical educational research often studies one-
directional influences, for instance, the influence of teacher behavior on student outcomes 
(e.g. Duke & Henninger, 1998; Reeve & Jang, 2006). 
 
The notion of the student as an active participant in the co-construction of knowledge and 
skills plays a central role in two major theories in educational psychology: the concept of 
scaffolding and self-determination theory. The aim of this thesis is to investigate how 
scaffolding and self-determination develop within the teacher-student interaction in the 
context of individual music lessons.  
1.1 Scaffolding 
The concept of scaffolding originates from Vygotsky’s notion of the Zone of Proximal 
Development (which is the difference between what a child can do on its own and what he 
can do with the help of others) (Vygotsky, 1978), although Vygotsky himself never used 
the term scaffolding. The term is borrowed from the field of construction, where a scaffold 
is a temporary structure used to support a building while it is being built. Similarly in 
learning, scaffolding refers to supporting the learner in accomplishing a task that is just 
beyond his current level of understanding (within the ‘zone of proximal development’) 
(Granott, Fischer, & Parzialle, 2002; Wood, Bruner, & Ross, 1976). After the learning has 
taken place, the support can be removed and the learner is able to execute the task 
independently. Central in the notion of scaffolding is contingency: this means that the 
teacher adapts the level of the task and the amount of support, as well as the change in 
these levels, to the current level of the student (Van de Pol, Volman & Beishuizen, 2009; 
2010). This implies a coupling between the level of the student and that of the teacher; 
after the student acquires a higher level of functioning, the level of the teacher needs to go 
up as well. There should be an optimal distance between these two levels, which can vary 
between individuals (Van Geert & Steenbeek, 2006). After scaffolding has taken place, the 
support of the teacher can be faded out to allow the transfer of responsibility for learning 
from teacher to student. This should allow the student to experience a sense of control, or 
autonomy in their learning (Meyer & Turner, 2002). 
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1.2 Self-determination theory 
This sense of personal control or agency is also central in self-determination theory (Deci 
& Ryan, 1985, 2008). Self-determination theory states that in order to be truly 
intrinsically motivated for learning, three fundamental psychological needs have to be 
met. The first is the need for autonomy, which is the need to act in accordance with one’s 
sense of self. The second is the need for competence; the feeling that you are able to 
achieve the things that you want to achieve. And the third is the need for relatedness; to 
make meaningful connections to the people around you. In this thesis, the focus will 
mainly be on the need for autonomy (although competence also has a connection to 
scaffolding) because of its central place within self-determination theory and because of 
its link with scaffolding. Through scaffolding, the teacher can support the student’s self-
regulated behavior in three ways: a) by helping students build competence; b) by 
engaging students in learning and c) by helping students build and exercise autonomy as 
learners (Meyer & Turner, 2002). 
1.3 Learning and teaching as complex dynamic processes 
As stated above, socially embedded learning entails that the student and the teacher (or 
more broadly: the student’s social environment) mutually influence each other, thereby 
co-constructing the learning process over time. Although the importance of the context is 
recognized in educational research, contextual aspects are often conceptualized as a 
static, independent influences on another (dependent) variable (Steenbeek & Van Geert, 
2013). A growing movement in developmental and educational psychology is recognizing 
that learning is actually a complex, dynamic process instead of an orderly, linear one and 
needs to be studied as such (Jörg, Davis, & Nickmans, 2007; Steenbeek & van Geert, 2013). 
In the early 1990s, dynamic systems theory (Thelen & Smith, 1994; van Geert, 1994) 
offered a framework for studying learning as a complex dynamic system. A complex 
dynamic system has several properties. First, dynamic processes are iterative. This means 
that over time, the current state (of learning, teaching, etcetera) is a product of the 
previous state, and serves as input for the next state. This is the form in which the mutual 
influences between teacher and student occur over time; the current action of the student 
influences the next action of the teacher, which influences the next action of the student, 
and so on. The second property is the interconnectedness of timescales (Lichtwarck-
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Aschoff, van Geert, Bosma, & Kunnen, 2008). This means that what happens in the here-
and-now (or in real time) is the basis for change over longer periods of time. However, 
what has happened up to a certain point in time also affects the next real-time events. 
Consider for instant a music student learning to play the violin. If the student experiences 
few moments of success during the lesson, this will negatively influence his motivation for 
learning. With decreased motivation, the student will probably practice less at home, 
which will decrease the chance of him experiencing success in the next lesson, and so on. 
One can also imagine the opposite: positive interactions during the music lesson 
contribute to the student’s motivation and deep practice, which then increases the chance 
of establishing positive communication patterns in the future and so on. 
 
Connected to this, the third property of a complex dynamic system is the formation of 
attractor states. Over time; there may emerge states that the system is drawn towards; a 
negative attractor would be the first example above of experiencing failure – diminished 
motivation – less focused practice – more chance of failure etcetera. The fourth property 
is non-linearity and variability. Because of all the mutual interacting components, 
complex dynamic systems are likely to show non-linear growth and variability within 
individuals instead of smooth, gradual growth over time. This variability can provide us 
information about developmental transitions, since these are often associated with an 
increase in variability (van Dijk, Hunnius, & van Geert, 2009; van Dijk & van Geert, in 
preparation) 
In order to capture these components, empirical studies that start from a complex 
dynamic point of view need dense measurements within individuals over longer periods 
of time. However, we would also want enough participants to be able to look at the scope 
of inter-individual differences in these learning processes to comprehend, for instance, 
which trajectories are associated with successful or less successful learning outcomes. In 
this thesis, we made a combination of (longitudinal) detailed multiple case studies and 
cross-sectional analyses to be able to look both at intra-individual change and inter-
individual differences. 
1.4 Outline 
This thesis consists of two parts: a theoretical part (Chapter 2) and an empirical part 
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(Chapters 3, 4, 5 and 6). 
 
In Chapter 2, a theoretical model of scaffolding and self-determination in individual 
music lessons is presented. This model brings together literature from developmental, 
educational and music psychology to provide a framework for future research on this 
topic. Further, the model connects the timescale of the here-and-now (real time) to the 
macro timescale of development. 
Chapter 3 and 4 look at the scaffolding interactions in the here-and-now of the individual 
music lessons from two different perspectives through different multiple-case studies. In 
Chapter 3, two case studies are presented and the role of teacher support is investigated 
(how many and what type of support the teacher provides) in relation to the real-time 
performance level of the student. Chapter 4 focusses on another aspect of scaffolding: the 
coupling between the performance level of the student and the level of complexity in the 
teacher’s assignments. This chapter will also look at within-teacher differences in 
scaffolding: to what extent are the scaffolding interactions different when the same 
teacher is working with different students? 
 
Chapter 5 deals with the co-regulation of student autonomy through interactions 
between music teachers and students and offers a combination of qualitative case studies 
and a cross-sectional study with a larger sample. First, we look at how autonomy is co-
regulated between teacher and student through four qualitative case studies. Second, a 
multilevel analysis is performed to test quantitatively to what extent properties of this 
real time interaction (more specifically, the extent to which the dyad is out-of-synch 
during the lesson) are related to macro-level outcomes such as student motivation, 
overall need for autonomy and progress. 
 
Chapter 6 takes a closer look at the intersection between scaffolding and autonomy. By 
combining dense within-lesson measurements of the teacher-student interactions with 
dense measurements over longer periods of time (18 months) for four teacher-student 
dyads, the aim is to investigate how patterns of scaffolding and self-determination in real 
time teacher-student interaction change over longer periods of time, and how these two 




And last, in Chapter 7 conclusions will be drawn from the chapters together and the 








Chapter 2  
A DYNAMIC MODEL THAT LINKS SKILL ACQUISITION WITH SELF-
DETERMINATION IN INSTRUMENTAL MUSIC LESSONS 
Published as: Kupers, E., van Dijk, M., McPherson, G. & van Geert, P. (in press). A dynamic 
model that links skill acquisition with self-determination in instrumental music lessons. 
Musicae Scientiae. 
Abstract 
Music education researchers have sought to clarify two fundamental issues. The first 
concerns “the extent to which musical progress is sequenced and orderly, and why 
some children’s progress appears to be effortless in contrast to others who struggle” 
(McPherson, 2005, p. 5). The second concerns how successful learners are able to 
acquire the resilience needed to ‘bounce back’ despite stresses and distractions which 
impact on motivation and a desire to continue learning (West & Rostvall, 2003; Costa-
Giomi, Flowers, & Sasaki, 2005). This article aims to contribute to research on these 
issues in the context of instrumental music lessons, by presenting a dynamic model 
linking skills acquisition (from the perspective of scaffolding theory) and self-
determination theory. We argue that musical development is a transactional, dynamic 
process in which the scaffolding of the music student’s skills and self-determination 
are deeply intertwined. Within this conception, teacher-student interactions are 
conceptualized at the micro-and macro-level time scales, and are viewed as mutually 





Learning to play a musical instrument requires the acquisition of a complex set of motor- 
sensory- and cognitive skills (Lehmann, Sloboda, & Woody, 2007, p. 5) which for skilled 
performers typically takes years to develop. A key ingredient in the development of this 
complex array of skills is the quality and type of music lessons learners are exposed to, in 
addition to the motivation they develop or fail to develop as a result of interactions with 
their teacher. For this reason, music education researchers have sought to clarify two 
fundamental issues. The first concerns “the extent to which musical progress is sequenced 
and orderly, and why some children’s progress appears to be effortless in contrast to 
others who struggle” (McPherson, 2005, p. 5). The second concerns how successful 
learners are able to acquire the resilience needed to ‘bounce back’ despite stresses and 
distractions which impact on motivation and a desire to continue learning (West & 
Rostvall, 2003; Costa-Giomi, Flowers, & Sasaki, 2005; McPherson, Davidson, & Faulkner, 
2012).  
 
The purpose of this article is to present a model that integrates the existing literature on 
skill acquisition and motivation in (music) education research. By integrating the 
theoretical frameworks of scaffolding and self-determination theory we will frame the 
above two issues in ways that we believe will lead to more focused future research. Our 
focus takes the interaction between music teacher and student as a primary unit of 
analysis in order to understand the processes that emerge during a music lesson. We 
assert also, that understanding more about how these interactional processes unfold in 
real-time (an approach that is, as we will argue, relatively rare in empirical research in 
music education), provides a means for more meaningfully understanding the 
mechanisms that underpin skill acquisition and self-determination. This knowledge about 
intra-individual change (‘how’ questions) are a first step to answering ‘why’ questions 
(e.g. why some students progress much faster than others), which often deal with inter-
individual differences. 
 
First, we will review literature on teacher-student interactions in music education from 
the perspective of scaffolding and mutual causation. Second, we will discuss motivation 
for music learning from the perspective of self-determination theory (SDT) so that we can 
show how scaffolding and self-determination are intertwined in real-time teacher-student 
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interactions. Third, we will emphasize the coupling of real-time and long-term timescales, 
after which we will present a conceptual model (Figure 3) that incorporates all relevant 
aspects. We conclude by providing directions for future research. 
2.2 Socially mediated learning through scaffolding 
Socially mediated learning is an important feature of childhood (Vygotsky, 1978). From 
infancy onwards, children are ‘problem solvers’ in their own way (Bruner, 1973), but also 
surrounded by others who can help them master new skills.  
 
As exemplified in the following vignette, the individual music lesson is one important 
context where the set of skills needed to play a musical instrument are acquired through 
social mediation.  
Anna has been taking violin lessons for about a year. She is studying a piece with a 
recurring rhythm, consisting of alternating long and short notes. Anna tends to use the 
entire length of the bow for each note, causing her to play the faster notes too slow. 
The teacher says: “I’ll show you the difference between the long and the short bow. 
Let’s see if you can do that.” She demonstrates the two first bars of the piece. When 
Anna tries to play the same two bars, all bows are still very long. The teacher then 
tries something else: “I’m going to try to make the short bow as small as your teeth.” 
The teacher again plays the first two bars, but now also says while she is playing: 
“these are long” and “these are short”. After this demonstration, Anna is capable of 
playing the first two bars with alternating bow length. The teacher adjusts to this new 
level of mastery by playing the whole piece together with Anna.  
The above example (Kupers, van Dijk, & van Geert, in press) demonstrates how 
interactions between teacher and student can facilitate musical learning. At each stage, an 
effective teacher will continually assess what level his or her student is at, in order to 
decide on the next most logical task to improve or elevate a young player’s performance.  
 
These types of learning processes can be studied from the framework of Vygotsky’s Zone 
of Proximal Development, defined as the difference between what a child can do by him or 
herself as compared to what that child can do with the help of an adult or a more 
knowledgeable peer. Within this sociocultural theory, learning is seen to take place on a 
social (inter-mental) level before it takes place on an individual (intramental) level 
(Stone, 1998). Vygotsky’s (1978) view has been extended by various lines of research, 
some of the most important of which has focused on instructional scaffolding, a form of 
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teaching where a teacher seeks to promote deeper learning by providing support during 
the learning process that is tailored to the learner’s individual needs (Granott, Fischer, & 
Parzialle, 2002) . Scaffolding is seen as an important and efficient form for organizing 
teacher-student interactions (Bruner, 1975; Wood et al., 1976). The mere completion of a 
specific task is not the most important aspect of scaffolding. Instead, successful 
scaffolding implies that the child acquires a better understanding of what is needed to 
complete the task, so that in the future the same level can be accomplished with less 
direct involvement from the adult. The learner is seen as an active participant in his or her 
own learning process (Stone, 1998). As such, the concept of scaffolding is related to 
notions of self-regulated learning which demonstrates how teachers socialize their 
students so that they are able to take more control over their learning (Zimmerman & 
Moylan, 2009). 
 
Based on their review of recent studies on the topic of scaffolding, Van de Pol, Volman and 
Beishuizen (2010) discerned three major characteristics of scaffolding: contingency, 
fading and the transfer of responsibility (see Figure 1). 
 
Figure 2.1. Conceptual model of scaffolding (Van de Pol, Volman & Beishuizen, 2010, p.4) 
The first core characteristic of scaffolding is contingency. Contingency implies that the 
level of support that is provided by the teacher should be adapted to the level of the 
student at any point in time (Van de Pol, Volman, & Beishuizen, 2009, 2010; Lajoie, 2005). 
This is a crucial aspect of scaffolding because it infers that scaffolding is not an aspect of 
teaching that can be planned in advance, but instead unfolds in the lesson itself because it 
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is dependent on the student’s level and behavior. Van Geert and Steenbeek (2005) define 
the aspect of contingency more specifically in terms of mutual adaptivity of teacher- and 
student levels (levels of skills or knowledge). These authors state that there should be an 
optimal distance between the level of the teacher and that of the student. If the distance is 
too small, the student will not learn anything new, but if the distance is too large, the 
student might not be able to grasp the concept. 
 
The optimal distance is not set but can vary within a range and is also likely to vary for 
different teacher – student dyads. To maintain this optimal distance, the change in the 
student’s performance level must be accompanied by a change in the teacher’s support 
level and vice versa. In order words, contingent scaffolding implies a connection between 
change in the student’s level and change in the teacher’s level, which is necessary to 
maintain an optimal distance between the two (Van Geert & Steenbeek, 2005).  
 
The second characteristic of scaffolding is fading, which is the gradual decrease of support 
over time (Pea, 2004). Importantly, the rate at which fading occurs should dependent on 
the student’s development (Van de Pol, Volman & Beishuizen, 2010; Van Geert & 
Steenbeek, 2005). For instance, when a student is learning a new piece, the teacher might 
start out by modeling and providing hints while the student performs the piece for the 
first time. As the student progresses, the teacher provides less support. 
 
The third characteristic involves transfer of responsibility. As a result of contingent 
fading, the responsibility for learning is eventually transferred back to the student. 
Transfer of responsibility implies that scaffolding should result in autonomous 
competence (Reigosa & Jiménez-Aleixandre, 2007). An example of autonomous 
competence would be playing a rehearsed piece at a concert. This aspect of scaffolding is 
fundamental in meeting the student’s needs for autonomy, as we will discuss in the third 
section of this paper. 
 
To the three aspects discerned by Van de Pol et al. (2010) we add a fourth dimension that 
is related to the cyclical nature of the scaffolding process. The skills needed to master a 
musical instrument become sub-goals in the learning process. For instance, when a 
student is learning to play the violin, some basic sub-goals are a relaxed bow hold and 
making contact between the bow and the string. In the early stages of learning to play an 
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instrument, these goals are usually addressed separately. When one sub-goal is 
accomplished through scaffolding, the teacher will reset the challenge by introducing a 
new sub goal that is within the student’s zone of proximal development. For this new sub-
goal, the whole process of scaffolding starts again. 
2.2.1 Scaffolding and the notion of mutual causality (see level 1 in Figure 
2.3) 
Contingency is a central notion within the concept of scaffolding. It implies that what the 
teacher does at a particular moment in time (in terms of scaffolding) is dependent on 
what the student has achieved immediately prior to that moment (Van Geert & Steenbeek, 
2005). For example, certain behaviors lead a teacher to diagnose that the student masters 
some aspects of the task (such as playing the correct notes), but not others (such as 
adding dynamics to the piece). In turn, these scaffolding actions of the teacher have an 
effect on what the student is able to do in the moments that follow (hopefully, being able 
to master more aspects of that same task). In short, teacher and student are constantly 
influencing each other over time. These processes are iterative in nature; the current state 
of scaffolding influences the state of scaffolding at the next point in time, and so on. These 
processes of iterative mutual causality take place in many other contexts (for instance, in 
parent-child interactions; see Lunkenheimer, Olson, Hollenstein, Sameroff, & Winter, 
2011; van Dijk, Hunnius, & van Geert, 2009 or in play interactions between children 
(Steenbeek & van Geert, 2006; 2008)) and fit with the notion of human development as 
being a bidirectional, dynamic and complex process (Sameroff & Chandler, 1975; Thelen 
& Smith, 1994; Van Geert, 1994). 
 
The emphasis on the importance of mutual causality as the ‘motor’ behind developmental 
change has gained increasing recognition in the past three decades. The predominant 
theoretical model in developmental psychology however, is still the interactionist model 
(Sameroff, 2009). Such interactionist models typically state that the relation between an 
inborn characteristic and a developmental outcome is in some way mediated or 
moderated by an environmental characteristic. Sameroff (2009) argues that the problem 
with the interactionist model is that child and environmental variables are defined as 
static entities, whereas in reality they are dynamic. He contrasts this with the 
transactional view of development. Within this conception, the development of the child is 
a product of the continuous dynamic, iterative interactions between the child and his 
 23 
 
environment. The core of the model is the emphasis that is placed on the bidirectional and 
interdependent nature of these interactions (Fogel, 2009; Sameroff, 2009). That is, both 
the child and the environment qualitatively change through the transactions between 
them.  
 
Figure 2.2. An interactionist (left) versus a dynamic, transactional model (right). 
To summarize, scaffolding is an intrinsically dynamic notion which occurs through 
repeated transactions between music teacher and student In order for scaffolding to be 
effective, these transactions need to be contingent. Over time, a transfer of responsibility 
occurs as the teacher fades out the level of support according to the student’s progress in 
ways that enable the learner to function more independently. This process is repeated for 
each next sub goal. Because the interaction between teacher and student is the core of 
individual music lessons, a dynamic model of scaffolding provides an important key to 
understanding how musical learning occurs in this context.  
2.2.2 Research on scaffolding  
Stone (1998, p. 349) argues that research on scaffolding has operationalized scaffolding 
too much in terms of ‘what structure is provided by the teacher’ instead of taking the 
dynamic aspect of the original scaffolding definition (Wood, Bruner & Ross, 1976) into 
account. In more recent studies, which often take place in the context of a primary- or 
secondary education setting, more emphasis is placed on the original core characteristics 
of scaffolding, especially contingency. Studies on scaffolding are often descriptive in 
nature and use small samples or case studies (Van de Pol, Volman & Beishuizen, 2010). To 
date, the literature has resulted in a greater understanding of what types of scaffolding 
behavior often occur (the most recurrent are giving hints, instructing, giving feedback, 
explaining, modeling and questioning) (Wood et al., 1976; Tharp & Gallimore, 1988, cited 
in Van de Pol, Volman & Beishuizen, 2010). These concepts are linked to either 
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contingency (Salonen, Lepola, & Vauras, 2007; Van de Pol et al., 2009), fading and/or 
transfer of responsibility (Aukerman, 2007; Maloch, 2002). 
 
The empirical work illustrates that there is much variability in the form and extent to 
which contingent scaffolding is actually occurring in different settings (Van de Pol et al., 
2010). This is particularly relevant since adaptive scaffolding is positively related to 
learning outcomes (Mercer, Dawes, Wegerif, & Sams, 2004). For instance, Maloch (2002) 
studied scaffolding in literature discussion groups and found that the teacher was actively 
involved in transferring the responsibility for learning to the student. Other research 
shows that the actual practice in classrooms differs markedly from the theoretical model. 
For instance, when examining differences in patterns of contingent scaffolding among 
teachers in prevocational schools, it was found that the teachers showed little contingent 
teaching in general (Van de Pol, Volman & Beishuizen, 2009). Meyer and Turner (2002) 
discriminated between different types of scaffolding (the scaffolding of understanding, 
but also of autonomy and motivation) and found that there were substantial differences 
between teachers in the ways their scaffolding interactions were either supportive or 
non-supportive.  
2.2.3 Scaffolding in music education 
The term scaffolding is rarely mentioned in the literature on music education despite a 
growing body of research focusing on teacher (instructional) and student behavior during 
instrumental lessons (Colprit, 2000; Duke & Henninger, 2002; Duke, 1999). Although 
these studies provide us with relevant information on what behaviors might be relevant 
for scaffolding in this context, the time-serial structure of the teacher-student 
transactions is often neglected, as well as the more long-term changes in the student-
teacher relationship Rather, teacher- and student behaviors are seen as separate factors 
that are correlated at the group level. For instance, Siebenaler (1997) reports that 
teachers who were relatively active during their individual piano lessons, scored higher 
on ratings of effective teaching compared to less active teachers, with their students 
performing better during the lesson.  
 
Duke (1999) related observed teacher instruction to student characteristics and reports 
that students who are – according to their teachers – easy learners tend to receive more 
directive instruction from their teachers. Furthermore, teachers who were more 
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experienced tended to give their students more feedback in general and more positive 
feedback in particular (Duke, 1999).  
 
Only a few studies have addressed patterns of teacher and student behavior over time. 
Yarbrough and Price (1992) analyzed sequential patterns in music teacher’s instruction. 
Their study was based on the model of directive instruction (Rosenshine, 1976), 
consisting of a) getting student’s attention; b) presenting the task and allowing for 
student’s response, and c) giving feedback. Both in general educational settings (Brophy, 
1979; Rosenshine, 1976) as in music lessons (Yarbrough & Price, 1989, 1992), teachers 
who engaged in these sequences typically had students who were (on average) better 
achieving. However, the majority of real-time instruction patterns in music lessons did 
not match their proposed model, with the behavior of the more experienced teachers 
deviating most from the expectations. Although Yarbrough and Price examined 
instruction patterns over time, they only focused on patterns in teacher behavior to 
predict student outcomes, thereby neglecting how teachers might adapt their instruction 
to what the student is doing (see Level 1 in Figure 2.3). Another example of a study that 
examined patterns of teacher-student transactions over time, is that of West and Rostvall 
(2003). These researchers report on teachers in individual instrumental lessons who 
dominated the interaction and who leave little room for student’s initiatives. 
Consequently, lessons mainly focused on reading and playing notes from sheet music, 
rather than addressing expression or musical phrasing. 
 
What does the current research on teacher-student interactions in music education tell us 
about scaffolding? Most studies provide valuable insight concerning what teacher- and 
student characteristics are associated with certain (student) outcomes, but adopt a static 
rather than a dynamic approach. For instance, the studies of Duke (1999), Colprit (2000) 
and Siebenaler (1997) use extensive coding systems that are able to capture student and 
teacher behaviors that could be important in scaffolding (e.g., the types of instructions 
that music teachers generally use). What is still missing, however, are detailed empirical 
descriptions of how teacher-student transactions influence each other, and whether these 
patterns over time contribute to certain kinds of learning and motivational outcomes. As 
mentioned in the Introduction, knowledge of how processes unfold within the lesson and 
over longer periods over time (that is, knowledge of intra-individual change) is necessary 
to answer ‘why’-questions that often encompass inter-individual differences (e.g., why do 
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some students remain motivated and others drop out). Taking the dynamic concept of 
scaffolding as a framework for studying teacher-student interactions in music lessons 
allows us to distinguish between a range of optimal and less optimal scaffolding patterns. 
This distinction would be a first step towards explaining different learning outcomes (as 
has been illustrated in special education settings by Steenbeek, Jansen & Van Geert, 2012).  
2.3 Self-determination and motivation 
2.3.1 Self-determination as a socially embedded process (see level 2 in 
Figure 2.3) 
As proposed in the introduction of this article, one of the main issues for music education 
concerns how and in what ways some children remain motivated for an extended period 
of time, while others become less motivated and eventually cease learning (Costa-Giomi et 
al., 2005; McPherson, Davidson & Faulkner, 2012; West & Rostvall, 2003). The 
developmental model of interest – a concept closely related to motivation (see Hidi & 
Renninger, 2006; Lipstein & Renninger, 2007), demonstrates how interest within a 
certain domain develops from being mainly situationally triggered to becoming a more or 
less stable individual characteristic. This process shows strong resemblance to the 
dynamic model of scaffolding, in the sense that interest grows from being mainly other-
regulated to mainly self-regulated.  
 
In research on learning and teaching in school contexts, self-determination theory (Deci & 
Ryan, 1985, 2008; Deci, Vallerand, Pelletier, & Ryan, 1991) has played an important role 
in understanding the dynamics of motivation. This theory differentiates between intrinsic 
and extrinsic forms of motivation (Ryan & Deci, 2000). When people are intrinsically 
motivated, they engage in activities that interest them for their own sake. Extrinsic 
motivation, on the other hand, is motivation that is controlled by external conditions. 
Extrinsic and intrinsic motivation are not necessarily distinct categories but rather 
opposites on a continuum. The types of motivation along this continuum differ in the 
extent to which they are self-determined or controlled. When behavior is self-determined, 
the person perceives the locus of control as internal to his or herself, whereas in the case 
of controlled behavior, the perceived locus of control is external. Self-determination 
theory further explains that every human being has three basic psychological needs (Deci 
et al., 1991). The first is the need to feel competent, the feeling that you can achieve the 
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things you want to achieve and that you know how to get there. The second is the need for 
relatedness, which is the need to develop secure and meaningful relationships with the 
people around you. The third is autonomy, or the need to be able to take initiatives and to 
self-regulate.  
 
Developmental psychologists consider the movement toward greater autonomy and self-
initiation to be a hallmark of healthy development according to Ryan, Deci and Grolnick 
(1995). These authors believe that “the need for autonomy is essential for explaining this 
developmental thrust of regulations from external to self-determined” (p. 620). 
Accordingly, successful internalization and integration can be understood as being 
energized by and allowing satisfaction of the needs for autonomy, competence and 
relatedness” (p. 620). Self-determination is also especially relevant in the context of 
musical learning. According to McPherson and Zimmerman (2011; see also McPherson, 
2012), learning to play an instrument may require more self-regulation and intrinsic 
motivation than learning in other domains, especially in the early stages when there are 
many difficulties to overcome and children experience failure next to success.  
 
Self-determination and self-regulation are both dynamic and socially embedded processes 
(Meyer & Turner, 2002; Steenbeek & van Geert, in press; Turner, 2006). During music 
lessons, not only students but also teachers are driven by their concerns and 
psychological needs as well as by their beliefs about what makes them efficient teachers 
Therefore, the fulfillment of psychological needs is regulated between teacher and 
student (Steenbeek & van Geert, 2012). Meyer and Turner (2002) argue that during 
instructional scaffolding, the teacher can support student self-regulation in three ways: a) 
by helping the student build competence through increased understanding; b) by engaging 
the students in learning while attending to their socio-emotional needs; and c) by helping 
students build and exercise autonomy as learners (Meyer & Turner, 2002). In other 
words, the ability to self-regulate can be actively promoted by contingent scaffolding and 
is deeply intertwined with the regulation of the student’s (and teacher’s) psychological 
needs. In this sense, the scaffolding of specific skills (necessary for learning a musical 
instrument) cannot be considered separately from the ‘scaffolding’ of self-determination. 
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2.3.2 Self-determination in music lessons  
Autonomy 
Research in music educational settings demonstrates the importance of fostering the 
student’s need for autonomy in learning music. As the study of West and Rostvall (2003) 
has demonstrated, the support of student autonomy in instrumental music lessons is far 
from self-evident. For instance, teachers can be highly disapproving of students’ 
initiatives. In the long run, this mismatch between the needs and behavior of the student 
and those of the teacher might contribute to non-desirable outcomes such as early drop-
out. Anguiano (2006) found that the student’s perception of their teacher’s autonomy 
support was positively associated with the students’ perception of their own autonomy. 
In turn, this predicted the students’ motivation to continue their music lessons. Similarly, 
it was found that instrumental students reported a higher level of fulfillment of their 
psychological needs when they were highly engaged in music learning, compared to when 
they decided to cease playing (Evans, McPherson, & Davidson, 2012). 
 
Research in other educational settings also shows the importance of fostering the need for 
autonomy in students. Teachers can support student’s autonomy by engaging in certain 
behaviors, such as asking what the student wants, providing a rationale, responding to 
student questions, and giving positive feedback. However, teachers can also undermine 
student autonomy by uttering directives, asking controlling questions, and criticizing the 
student (Reeve, Jang, Carrell, Jeon, & Barch, 2004; Reeve & Jang, 2006). As with intrinsic 
and extrinsic motivation, it is important to note that autonomy-supportive and controlling 
teaching styles are not distinct categories, but rather opposites on a continuum (Deci, 
Schwartz, Sheinman, & Ryan, 1981).  
 
Reeve et al. (2004) examined the effect that autonomy supportive behavior by teachers 
has on the engagement of students. They found that when the teacher was autonomy 
supportive at one moment in time, their students displayed higher levels of engagement 
at the next moment. Other studies (Sierens, Vansteenkiste, Goossens, Soenens, & Dochy, 
2009) show that on average, students with autonomy supportive teachers who also 
provide sufficient structure tend to display higher levels of engagement.  
 
A central assumption of these studies is that the teacher is the primary locus of control 
regarding the student’s autonomy. It is the teacher who either promotes or hinders 
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student autonomy. As such, these studies do not address the students’ influence on the 
autonomy supportive actions of their teachers.  
Competence 
Because of the central role competence beliefs play in students’ intrinsic motivation, these 
beliefs are an important topic in music education research. For example, studies dealing 
with self-efficacy – defined as ‘the conviction that one can successfully execute the 
behavior required to produce the [desired] outcome’ (Bandura in: McPherson and 
McCormick, 2006, pp. 323) - show that perceptions of self-efficacy are an important 
predictor of musical achievement (McCormick & McPherson, 2003; McPherson & 
McCormick, 2006).  
 
In a study by O’Neill and Sloboda (1997), children participated in a musical test 
measuring their pitch perception. After experiencing failure on the test, some of the 
children reported a decrease in their self-confidence, while others reported no decline. 
The children with a decreased sense of competence were more likely to take on 
maladaptive performance strategies on the subsequent test, while the other children 
adopted a more adaptive ‘mastery’ strategy. These coping styles also seem to make an 
impact long term. Beginning music students who have maladaptive performance 
strategies made less progress in the first year of learning their instrument compared to 
students who adopt more adaptive performance strategies (O’Neill & Sloboda, 1997). 
Costa-Giomi, Flowers and Sasaki (2005) found that students who dropped out of piano 
lessons in the first three years were, in comparison to students who persevered, less able 
to accomplish the goals that teachers set during the lessons. Although the authors did not 
evaluate the student’s beliefs in terms of self-determination theory, it could very well be 
that the students experienced diminished feelings of competence, resulting eventually in 
drop-out. In terms of our understanding of contingent scaffolding, such findings also 
demonstrate the importance for teachers to adapt the level of the goals they set for their 
students to the current performance level of the student.  
Relatedness 
Since music lessons are largely voluntary, one of the main indicators of motivation in 
music is whether students continue taking lessons. Costa-Giomi, Flowers and Sasaki 
(2005) show that students who ceased instruction, compared to those who persevered, 
tended to seek more approval from their teachers during the lesson but actually received 
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less teacher approvals. These findings demonstrate an existing mismatch between the 
student’s need for relatedness and the relatedness support that the teacher provides. If 
these patterns repeat over time, it could lead to diminished intrinsic motivation and 
decisions to cease taking music lessons. Creech and Hallam (2010a, 2010b) found that in 
the context of individual string lessons, the quality of the teacher-student relationship 
predicted various (musical) outcomes for both teachers and students. For instance, 
student-teacher accord (encompassing the qualities of warmth, understanding patience 
and mutual respect) predicted student enjoyment, satisfaction, motivation and self-
esteem (Creech & Hallam, 2010a). 
Home practice and self-regulation 
When a child is taking music lessons, an important part of the learning process is 
practicing at home (Hallam, 1998). A child therefore needs to be able to work on the goals 
that were addressed in the lesson independently of the teacher. The theoretical 
framework of self-regulated learning is an effective means for defining the quality of 
home practice (McPherson & Zimmernan, 2011). A defining feature of self-regulated 
learning theories is a personal feedback loop (Zimmerman & Moylan, 2009). The feedback 
loops of students typically consist of three phases. The first phase is the forethought 
phase. This phase precedes the actual efforts to learn and involves the processes 
necessary for preparing to execute a task. The forethought phase depends on sources of 
self-motivation, such as self-efficacy beliefs and the extent to which a student is 
sufficiently intrinsically motivated to be engaged in executing the task. The performance 
phase, in which the student actually executes the task, involves two major categories: 
student’s self-control and self-observation. The third phase is the self-reflection phase and 
consists of self-judgment and cognitive and affective self-reactions (Zimmerman & 
Moylan, 2009). The outcome of the third phase is then followed by a next forethought 
phase, and so on (see McPherson, 2012; McPherson & Renwick, 2011, McPherson & 
Zimmerman, 2011, for applications to music learning). 
 
Three important points need to be stressed concerning what is key to understanding self-
regulation. First, whereas self-regulation is often seen as a purely metacognitive 
construct, the student’s motivation is equally important (Zimmerman & Moylan, 2009). 
Self-regulation can be seen as a process energized by, and having an impact on, sources of 
self-motivation. Second, self-regulation in real-time is likely to be a dynamic rather than a 
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linear process (Turner, 2006). A third, related point is that self-regulation does not only 
happen ‘inside’ the student (on an intramental level) but can instead be seen as a social 
process (on an inter-mental level) (Meyer & Turner, 2002) similar to scaffolding. 
Therefore, adaptive scaffolding is likely to be connected to high intramental self-
regulation. These issues have consequences for the way that self-regulation can best be 
studied (see final section of this article). 
 
In the field of music education, a growing body of research is examining self-regulation in 
different phases of musical development (McPherson, Nielsen, & Renwick, in press; 
Mcpherson & Renwick, 2011; Mcpherson & Zimmerman, 2011). In general, the quality of 
students’ self-regulated home practice develops over time, with beginning students 
simply playing through a piece from beginning to end without adopting specific strategies, 
possibly because they may not be aware of what they are doing wrong (Barry & Hallam, 
2002). As the student develops, more appropriate strategies are applied. However, even 
in the beginning stages of development there are large inter-individual differences in self-
regulated learning (McPherson & Zimmerman, 2011). Students who use more 
sophisticated self-regulation strategies from early in their development are often the 
students who, later on, achieve at higher levels (McPherson, 2005). The student’s need for 
autonomy seems to play an important role in self-regulation during the home practice of 
young instrumentalists. A case study of a young clarinet student showed that there was a 
clear increase in self-regulated practice strategies when she was working on a piece that 
she wanted to learn herself, compared to the pieces that were assigned by her teacher 
(Renwick & McPherson, 2002). 
A dynamic view of development and the coupling of timescales (see level 3 in Figure 2.3) 
To summarize, learning to play an instrument is a highly complex process with many 
different (meta) cognitive, physical and motivational aspects involved. Let us go back to 
our two initial research issues: why some children’s progress appears to be effortless and 
orderly in contrast to others who struggle, and how some children and not others are able 
to maintain their motivation, whilst others cease their involvement. 
 
We can approach these issues (and for that matter any others that deal with learning and 
development) in different ways. It is relevant to distinguish between the macro and micro 
levels of development. Time can be defined at different levels, and the nature of the 
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concepts that we study depends on the time-scale we use (Lichtwarck-Aschoff, Van Geert, 
Bosma, & Kunnen, 2008; Van Geert, 2006). We can study musical development from 
second to second, week to week or across the life span. The micro-level of development 
refers to the timescale on which actions take place. It refers to the timescale within the 
individual music lesson, where the student attempts to master a new piece guided by the 
teacher’s modeling, hints and feedback, which we defined previously as scaffolding. At the 
same time, this challenge of learning a new piece and the nature of the teacher’s support 
shapes the student’s expressions of competence and self-determination at that moment. 
The macro-level of development refers to change over longer periods of time, for instance 
the students’ scores on yearly music examinations, or their decision to continue or 
abandon music lessons.  
 
Dynamic systems theory (Fogel, 1993; Thelen & Smith, 1994; Van Geert, 1994; Lewis, 
2000) provides a framework to integrate the macro- and micro-level of development. It 
states that development occurs through constant transactions between the child and his 
or her environment. Development is conceived as an iterative process where the current 
state of scaffolding, or self-determination directly influences the next state, which then 
influences the next state, and so on. These processes are likely to be non-linear (because 
dynamic systems are self-organizing, and not governed by top-down influences) and 
characterized by variability (Van Geert & Van Dijk, 2002). Dynamic systems theory also 
states that the micro- and macro-level of development are interrelated (see for instance 
Haken’s (2006) discussion on how brain functions at the lowest (micro) levels are 
connected to and governed by functions at higher levels). Consequently, the processes 
that unfold on the micro-level (for instance, the co-regulation of autonomy within the 
context of the music lesson) impact on the student’s autonomy beliefs. These beliefs can 
be seen as the ‘aggregated’ level of autonomy (Lichtwarck-Aschoff, Kunnen, & van Geert, 
2010; Lichtwarck-Aschoff et al., 2008) over the longer term. In return, the student’s 
experienced level of autonomy up until a certain point in time (macro-level) constrains 
the co-regulation of autonomy in the next music lesson (micro-level).  
 
What does this mean for our two key issues? Recent investigations in music education 
have begun to define musical development in terms of complex, non-linear, individual 
trajectories in which different factors and environments interact (McPherson et al., 2012). 
In terms of the issues addressed in this article, this has several implications. The first is 
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that in order to better understand the complexity of musical learning, we must make a 
link between processes that unfold on the micro-level and outcomes on the longer term. 
Therefore, these real-time processes can be seen as the building blocks of development. 
Recent studies in educational settings (Ensing, Van Geert, Van der Aalsvoet, & Voet, in 
press; Steenbeek, Jansen & Van Geert 2012) show how complex transactional patterns in 
teacher-student interaction emerge on the micro level, and contribute to different 
learning outcomes on the macro level. However, one thing that stands out from examining 
literature is the lack of detailed descriptions of real-time processes that occur in the music 
lesson (West & Rostvall, 2003). In our view, this should be a focal point for future 
research.  
2.4 A dynamic model of skill acquisition and self-determination in 
music lessons 
We integrated the literature discussed above in a model that can be used as a framework 
to better understand the processes of skill acquisition and self-determination in the 
context of individual music lessons as a means of guiding future research (Figure 2.3). The 
core of our model is the real-time interaction between music teacher and student within 
the music lesson. Teacher and student co-regulate their actions, as well as their 
psychological needs and motivation. We can see this mutual adaptation occurring on 
multiple levels. When we look at task-related scaffolding (level 1 (L1) in Figure 2.3), it is 
important to note that the level of the student and that of the teacher are connected such 
that change in the level of the student is dependent on, but also causes, change in the level 
of the teacher. When scaffolding is contingent in this way, it also means that there occurs 
a gradual transfer of responsibility for learning from teacher to student over time. 
Learning changes from being mostly teacher-regulated towards becoming more self-
regulated. 
Similarly, we can view processes of mutual adaptation to better understand the 
development of motivation and self-determination (level 2 (L2) in Figure 2.3). Drawing 
upon the literature on interest (Hidi & Renninger, 2006), we would expect that intrinsic 
motivation and self-determination can develop over time, from being mainly situationally 
triggered to becoming a more stable, individual characteristic via a process we can refer 
to as ‘motivational scaffolding’. 






















































Our model emphasizes the cyclical relationship between the micro- and macro timescale 
of musical development (level 3 (L3) in Figure 2.3). Out of the repeated, variable teacher-
student transactions within the music lesson (at t₁, t₂, t₃ through tₓ in Figure 2.3) macro-
level outcomes emerge such as the student’s overall sense of self-determination, the 
student’s performance level and the style of teaching of the teacher. These macro-level 
outcomes constrain the range of possible teacher-student transactions in the next lesson, 
as depicted in Figure 2.3 by the dotted arrows from the macro- to the micro level of 
development.  
2.5 Dicussion and directions for future research 
In our dynamic model, we distinguish between ‘task-related’ and ‘motivational’ 
scaffolding even though these are naturally related within the teacher-student interaction. 
In general, healthy development is characterized by a thrust towards greater 
independence and self-determination. This is a common feature of both scaffolding 
(development from mostly teacher regulated learning, towards mostly self-regulated 
learning) and self-determination theory. However, we know little about the underlying 
dynamics of the relation between the acquisition of skill on a musical instrument and the 
development of self-determination. For instance, we need to further investigate how the 
teacher can use the asymmetrical teacher –student relationship (in terms of skills) to 
facilitate student intrinsic motivation. 
Given the need for self-determination, the scaffolding dynamics requires a delicate 
balance between meeting the student’s need for autonomy while at the same time 
transferring the skills required to play the instrument from teacher to student. Also, the 
nature of these concerns for autonomy, competence and relatedness are actively shaped 
through teacher-student transactions. Therefore, an important direction for future 
research will be to address how processes of self-determination and skill acquisition 
influence each other over time within the same teacher-student dyad. The dynamic model 
that we presented in this paper can serve as a guideline for providing directions to these 
future studies. 
 
Another core assumption of the model is the cyclical relation between the micro- and the 
macro-level of learning music. Surveying the literature in music education research shows 
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that most studies deal with the macro-level, rather than the micro-level of learning and 
development. Although this has provided us with much important information about 
what factors are important to consider in musical development, there is considerably less 
known about the moment-to-moment learning process as it unfolds within the music 
lesson itself. Research questions that actually deal with the understanding of these micro-
level processes are relevant and need to be addressed due to two reasons: 
1. In order to answer ‘why’-questions (that typically deal with explaining inter-
individual differences on the macro-level), we first need to know how learning 
occurs (and thereby examine intra-individual change at the micro-level). Not until 
we have solid descriptions of the learning that goes on in the here-and-now, will 
we be in a position to establish ranges of adaptive and maladaptive patterns that 
lead to certain outcomes. 
2. When translating our results to the practice of music education, studies that deal 
with the timescale of real-time behaviors will be able to most closely resemble 
educational practice, as learning and teaching takes place in the ‘here and now’ 
(and this is, therefore, also the level at which interventions that aim to improve 
learning processes should take place). 
What should future studies, departing from the presented dynamical model, look like? A 
first important point is how to capture intra-individual change. Because developmental 
change is usually characterized by large moment-to moment variability, and since the 
range of this variability provides us with information about the underlying mechanisms of 
change (Van Geert & Van Dijk, 2002), it is vital that future studies incorporate many 
repeated measurements. Moment-to-moment change in real time can be captured by, for 
instance, coded video-observations. These real-time developmental changes can be linked 
to development on the macro level by taking many video-recordings of the same (music) 
teacher – student dyads over time. Similar designs have been implemented in (case) 
studies on scaffolding in special educational settings (Steenbeek et al., 2012), 
communication between infants and their mothers (Fogel, 2006) and young children’s 
language development (van Dijk et al., 2013).  
 
A second point is how to capture inter-individual differences (that is, to eventually 
answer our ‘why’-questions). When we depart from detailed case studies (see above), the 
next step is to document what the range of individual patterns is, and how these might 
differ between different teacher-student dyads. This means that our designs should not 
only have sufficient repeated measures within dyads, but also enough dyads to determine 
what different trajectories are possible, and how they relate to different outcomes on the 
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group level (for instance, to see how students who drop out of music lessons are different 
from the ones continuing music lessons). By first looking in detail at different case studies, 
we should aim to devise measures that tell us something about the quality of interaction 
in the domain that we are studying. Measures that reflect the complexity of intra-
individual change could then be extrapolated to comparisons on the group level, thereby 
contributing to the study’s generalizability. For instance, Lunkenheimer, Olson, 
Hollenstein and Sameroff (2011) examined the extent to which patterns of parent-infant 
communication are flexible or rigid/ stable, and found that flexibility in the interaction led 
to positive developmental outcomes when children were older. A similar measure that 
reflected the (dis)organization of the mother-child interaction was found to distinguish 
between children who showed progress following a therapeutic intervention and children 
who did not progress ( Lichtwarck-Aschoff, Hasselman, Cox, Pepler, & Granic, 2012). 
These measures yield information about the fundamental properties of dyadic interaction. 
Because of their fundamental nature, similar variables can be used in studies on music 
education. 
Of course, designs that rely heavily on coded video data are time consuming. One solution 
would be to use a mixed design, which has case studies that are measured intensively 
over time, combined with data of a larger group of music teachers and students who are 
videotaped less frequently to address both intra-individual change and inter-individual 
differences. 
 
By devising studies of this type which examine skill acquisition and self-determination in 
music lessons, we will be able to say much more about how music learning occurs, as well 
as explain more adequately why music students differ in their long-term outcomes 
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Abstract 
In this article, we provide a process description of scaffolding in music lessons based 
on the scaffolding model of Van Geert and Steenbeek (2006). Scaffolding is a form of 
socially mediated learning in which teacher and student constantly adapt their 
behavior to one another in order to reach a goal. To illustrate this process, data from 
video-observations of two teacher-student dyads in Suzuki string lessons were 
analyzed to see how well this data fits the Van Geert & Steenbeek model. Results show 
the dynamic connection between amount of instruction and instruction type on the 
one hand and performance level of the student on the other hand. Results also show 
that the process of socially mediated learning takes the form of an increasing overlap 




The aim of this study is to describe the process of interaction between music teachers and 
their students from the perspective of scaffolding. This process will be analysed by 
observing two teacher-student dyads in individual string lessons. 
3.1.1 Definition of scaffolding 
The notion of scaffolding originates from Vygotsky, who described learning as a socially 
mediated process. It fits closely with his concept of the Zone of Proximal Development, 
which Vygotsky defined as ‘[...] the distance between the actual developmental level as 
determined by independent problem solving and the level of potential development as 
determined by problem solving under adult guidance [...].’ (Vygotsky, 1978, p. 86). Wood, 
Bruner and Ross (1976, p. 90) describe scaffolding as ‘a process that enables a child or a 
novice to solve a problem, carry out a task or achieve a goal which would be beyond his 
unassisted efforts.’ The scaffold1 is provided by the teacher or a more skilled adult. For 
example, in a math class the teacher provides instruction to a child, thereby making it 
possible for the child to solve a particular problem. When successful learning has taken 
place, the child can consequently solve similar problems without the help of the teacher 
and can now be instructed to solve more difficult math problems. Social mediation implies 
that higher mental functions first occur in social interaction, before the child internalizes 
them and can perform tasks on its own (Vygotsky, 1978). Scaffolding is studied in a 
variety of contexts, for example in reading in pre-school classrooms (Pentimonti & Justice, 
2009) and in math learning at home (Pratt, Green, MacVicar, & Bountrogianni, 1992). In 
the context of learning music, a similar process of socially mediated learning is also likely 
to exist. Several authors stress the central role of teacher-student interactions in 
individual instrumental lessons (Creech & Hallam, 2003; Rostvall & West, 2003; West & 
Rostvall, 2003). Initially, the music teacher might provide explicit instruction on how to 
play a particular musical phrase, adapted to the particular needs of the student. As a 
consequence of this teaching, the teacher and student can play together which in the end 
allows the student to play the phrase by herself. 
                                                           
1 The provided scaffold can take multiple forms such as modeling or asking questions. Scaffolding can be seen as 
a form of coaching a child or student towards a particular goal; for a discussion of similarities and differences 
between coaching, modeling and scaffolding, see Dennen, (2004). 
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3.1.2 A dynamic model of scaffolding  
In an extensive literature review on scaffolding (Van de Pol et al., 2010), the authors 
emphasize that scaffolding must be seen as an interactive process, in which both teacher 
and student actively participate. Dynamic systems theory (Thelen & Smith, 1994) 
provides a framework for analyzing developmental processes in general and scaffolding 
in particular by describing how one state of learning and/ or instruction changes into 
another state over time. In a dynamic model of scaffolding that was formulated by Van 
Geert and Steenbeek (2005), the level of learning by the student and the scaffold level 
provided by the teacher are interrelated, with the teacher always staying slightly ahead of 
the student. That is, the level of the student on a particular skill determines the help that 
the teacher is going to give next, which in turn increases the level of the student, and so 
on. This cycle repeats itself until the system approaches a (temporary) stable state. 
Further aspects of this scaffolding model are that student and teacher must have an 
identifiable level of respectively performance and scaffolding and that these levels are 
close to each other. Another implication is that student performance will increase in 
reaction to the provided support and that the scaffold can be faded out when sufficient 
increase in performance has taken place relative to the implicit or explicit learning goal. A 
final implication is that the model shows that there exists conditions under which 
scaffolding has nonlinear effects: in some cases teacher and student can hold one another 
in a sub-optimal state, preventing each other from reaching the desired goal state.  
 
Dynamic models are used to study interactions on this micro-level as they occur in real 
time, but also to describe how these interactions relate to long-term development. These 
timescales (real time and long term) are interrelated: real time learning determines long 
term outcomes, but previous outcomes also influence new learning interactions. At this 
point the model of Steenbeek and Van Geert has yet to be validated by empirical data of 
scaffolding from every-day learning contexts. In this study, we will try to validate some of 
the predictions of this model by means of data from music education. 
3.1.3 Scaffolding in educational settings 
As stated above, the notion of scaffolding implies a process of mutual adaptation. 
However, the literature provides very little information on how such processes actually 
take place. Rather, most studies on teacher-student interaction have a static design: at a 
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certain point in time, an assessment is made based on the means of different groups on 
different variables after which the correlations or associations between variables are 
determined. Although this approach can be very helpful when analyzing group 
differences, it is less suitable if the aim of the study is to describe how the actual learning 
occurs. For example, Chow and Kasari (1999) found that primary school teachers 
interacted equally frequently with children who were either exceptional, at-risk or 
typically learning students in inclusive classrooms. However, the content of the 
interactions differed among these groups. Teachers are engaged in more task-related 
interaction with exceptional and at-risk learners than with typically learning students. 
Another example is the study of Rubie-Davies (2007), in which she found that teachers 
who had overall high expectations of their students interacted differently with their 
students than teachers who had in general low expectations. The high-expectation 
teachers spent more time providing a framework for student’s learning, provided 
students with more feedback, asked more higher-order questions and in general managed 
student behaviour more positively. 
3.1.4 Towards a process approach of studying scaffolding in music 
education 
In the literature on teacher-student interaction in music education, many studies also 
have a more static design. For example, For example, Duke (1999) found that students 
who are --according to their teachers -- easy learners tended to communicate more 
nonverbally with their music teacher. Also, the teacher gave more directive instructions 
to students who were easy learners. He also found that experience of the teacher 
influences teacher-student interaction in music lessons. Teachers who were more 
experienced gave students more feedback in general and more positive feedback in 
particular. Creech and Hallam (2003) provide an extensive overview of research on 
student-teacher-parent interaction in music education. They conclude that most research 
on the topic deals with concepts of effective learning, teaching and parenting. It points to 
the relevance of having a shared purpose and of the collective efficacy of the actors 
involved. However, while most research on this topic is static rather than dynamic, Creech 
and Hallam argue that future research in music education could really benefit from a 





Rostvall and West (2005) discuss two possible reasons for the lack of this type of dynamic 
research on the actual learning processes in music lessons. First, it could be that research 
is influenced by the traditional view of musical aptitude in which musical talent is an 
internal characteristic that one either possesses or not, and that this talent determines 
directly whether someone will be successful in learning music. Secondly, research on 
interaction processes is theoretically and empirically more complex in terms of analysis 
and conclusions. In the West and Rostvall (2003) study, one of the few in the field that 
centers around the real-time interaction between music teachers and their school-aged 
students, it becomes clear that this kind of research can add something substantial to the 
existing body of literature on music learning. Their research questions originated from 
the fact that many children in Sweden start learning a musical instrument in municipal 
music schools, but many drop out after less than a year. Their main conclusions, based on 
video-observations of music lessons, were first that the interactions of teachers and 
students focused mainly on the written score of the music. The teachers were controlling 
the interaction, leaving little room for student questions and creativity. Further, the 
teachers seemed to focus learning on the separate notes in the sheet music rather than 
emphasizing musical phrases, and reacted to the students’ attempts almost exclusively 
with verbal feedback instead of modeling or other kinds of instruction. This study shows 
that these types of sub-optimal scaffolding interactions in lessons can result in or are 
anyway associated with non-desirable long-term outcomes (e.g. high drop-out rates). The 
West and Rostval study demonstrates the importance of taking real-time learning 
processes as subject of research. Indirectly, this study also shows that adequate 
scaffolding is far from obvious, in spite of the fact that almost anyone would agree that 
good teaching requires an adaptation to the current needs of the students with regard to a 
particular goal (for a similar conclusion, see van de Pol et al., 2009) 
 
Yarbrough and Price (1989) systematically observed sequential patterns in teacher 
instructions. They proposed a model of four steps that, according to previous research 
(Price, 1983 in: Yarbrough & Price, 1989), was proven to lead on average to the best 
learning results in various contexts. However, their empirical results show that the 
majority of real-time instruction patterns did not match the proposed model. More 
specifically, especially the behavior of more experienced teachers deviated from the 
expectations. While Yarbrough and Price interpreted deviations from the proposed 
patterns to be mistakes, it could very well be that experienced teachers were more 
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flexible in reacting to the actions of the student while they occurred. In this way, the study 
actually supports the notion that learning and teaching of music is a dynamic process that 
is constructed through real-time interactions instead of the implementation of a static 
protocol. The study of Yarbrough and Price can therefore be described as a process-
oriented, but not a dynamic study. 
 
As we saw in the West and Rostvall study, poor scaffolding can lead to negative outcomes 
in music lessons. Currently, there is hardly any literature available that describes the 
actual, real time structure of scaffolding processes in music teaching (or, for that matter, 
in any other form of teaching). Thus, in our view, descriptive studies that show how the 
process of scaffolding unfolds in real time during actual music lessons are badly needed. 
Due to the labor-intensive nature of such studies, they will most likely take the form of 
case studies, comparable to those we present in the current article. It goes without saying 
that, in the end many such studies will be needed in order to obtain a better 
understanding of the variability of scaffolding processes in music education, and also to 
see which characteristics of scaffolding lead to good results on the long term. 
 
Scaffolding is most likely crucial when a child starts learning an instrument at a very 
young age: Lehmann, Sloboda and Woody (2007) state that all early music instruction 
requires high levels of skillful adult support and interaction, because children below the 
age of six are generally not capable of solitary or self-directed study on an instrument. On 
the other hand, music lessons are also a good context to study scaffolding, first, because 
learning to play an instrument usually takes place in individual music lessons, in 
interaction between a professional musician and a child. Second, music learning is a very 
explicit form of learning. Music performance is mainly based on learned sensory motor 
skills and can therefore directly be assessed: one can see (and hear) at any point in the 
lesson how well the child masters a particular skill. This is in contrast to more cognitive 
forms of learning, where it is considerably more difficult to constantly monitor the real 
time changes in cognitive mastery. 
 
One method used internationally for teaching string instruments to young children is the 
Suzuki method, also known as Talent Education or the Mother Tongue Method. According 
to Suzuki, musical talent is not determined by genes, but is shaped through the direct 
environment of the child (Suzuki, 1969). Similar to the ability of virtually all children to 
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acquire their native language, music can be developed in every child. Preferably, children 
begin music lessons from a very young age (sometimes 2½ to three years of age). Other 
characteristics of the method are an emphasis on memory training, learning through 
repetition and learning to play an instrument before learning to read notes. These 
characteristics also set the method aside from more traditional methods, which often 
start with music reading instead of ear training and which do not repeat older repertoire 
(Brathwaite, 1988).  
 
We argue that learning processes in this particular context can very well be studied from 
the perspective of scaffolding for several reasons2. First, the Suzuki method explicitly 
emphasizes the important role of the child’s near environment in learning. Second, the 
Suzuki method constitutes a framework in which teachers work, both in terms of teaching 
philosophy and in curriculum, but also allows for individual variability. This means that 
informative comparisons between teacher-student dyads can be made. Third, Suzuki 
teachers strive to attend to one central goal per lesson (Kreitmann, 1998), thereby 
making the subject of the scaffolding interaction explicit. 
 
In this article, we will describe the scaffolding interactions in two cases of young 
children’s individual Suzuki music lessons. The aim of this study is to capture the 
temporal relationship between the behaviors of the student and the teacher in several 
lessons, in order, first to empirically document the nature of this relationship over time, 
and second to make a first attempt to see how well this data fits Van Geert and 
Steenbeek’s scaffolding model. 
3.1.5 Research questions and hypotheses 
The main research question for this study is: what characteristics of scaffolding can we 
observe in these two cases?  
Hypothesis 1: Relation between instruction duration and performance level 
Based on the previously described literature on scaffolding, there are several 
characteristics that we should be able to see when looking in detail at young children’s 
music lessons. One central assumption is that music learning occurs through social 
                                                           
2 The choice of the context of the Suzuki method in this study does not imply an evaluation of the method’s 
quality or superiority but is instead solely based on methodological reasons, as specified. 
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mediation, implying that there exists an optimal balance between instruction of the 
teacher and practice of the student. Thus our first hypothesis is that up to a certain point 
in time, there will be a positive relation between the amount of instruction of the teacher 
and the performance level of the student. 
Hypothesis 2: Relation between instruction level and performance level 
Second, based on the scaffolding model of Van Geert and Steenbeek (2005), we expect 
that not only the amount but also the level of teacher instruction and the performance 
level of the student are interrelated. The second hypothesis is therefore that when 
student performance level is low, the teacher will use mostly lower-level forms of 
instruction. As the performance level of the child increases, the teacher is expected to 
gradually adopt higher-level instruction. 
Hypothesis 3: Development of teacher-student overlap over time 
And third, social mediation implies that the skill is transferred from teacher to student. 
Our third hypothesis is therefore that we will be able to see that teacher and student 
behaviors will increasingly overlap. That is, they will proceed from a clearly successive 
action-reaction pattern towards playing the piece together.  
3.2 Method 
The participants in this study were two string teachers and two students. Both teachers, 
who teach at a private music studio in the north of the Netherlands, use the Suzuki 
method. They both have over twenty years of teaching experience. The teachers randomly 
selected one of their youngest students (one violin and one cello student) to participate in 
the study. At the start of the study, the children were 5 and 6 years old (see Table 3.1). 
The parents of the children gave explicit consent for participation in this study and 
permission to mention the children’s first names in this article.  
Table 3.1: Research participants 
 
Anna Veerle 
Age 5;11 6;11 
Gender Girl Girl 
Instrument Violin Cello 




The children were videotaped during their weekly individual music lessons for a period of 
two months. In order to capture the learning process as naturalistically as possible, the 
teachers and students did not get any instruction before or during the recordings. In all 
lessons, the subjects that the teacher and student were working on were described and 
categorized. These lesson topics or goals were determined by the teachers themselves 
(for example based on the piece the student was rehearsing). All lesson topics fell roughly 
in four categories: a) conditions for playing; b) learning notes and bowings of new pieces; 
c) performance goals and d) repeating previously learned repertoire. After all recordings 
were made, we selected one target per student and studied progress on this target in 
relation to the instructions as they occurred in real time. 
 
For Anna, the goal was to alternate long and short bowings according to the rhythm of the 
piece, as she tended to use the whole bow for each note. For Veerle, the goal was 
switching between first and second position on the right parts of the piece. The next step 
involved coding the behavior of students and teachers during each rehearsal frame. The 
part of the lesson where teacher and student work together on a particular goal is called a 
‘rehearsal frame’ (Duke, 1999). The coding system was based on the system of Colprit 
(2000), who developed a system for coding and analyzing teacher and student behavior in 
Suzuki string lessons. The main categories in her coding system were Teacher/ Student 
Verbalizations (e.g. directives, questions approvals etcetera), Teacher/ Student 
Performance and Teacher/ Student performance Approximations (e.g. singing). For the 
present study, the coding system has been expanded by including non-verbal instruction 
(with a distinction between non-verbal physical instruction and gestures, see Table 3.2) 
and was simplified by coding ‘verbal instruction’ without making a distinction between 
directives, feedback etcetera. This was done because, given the research question, it was 
more relevant to assess the level of instruction rather than the actual content. 
 
Within a rehearsal frame, both student performance and teacher scaffold levels were 
assessed with every action of either one of the interaction partners. Every fragment the 
student plays was assessed on performance level. The two students each worked on 
different goals; this means that the levels of performance are not comparable. The level of 
student performance was operationalized differently for both children, but is in general 
the proportion of correct goal related behaviour to all behaviour within a performance 
fragment. For Anna, correct goal related behaviour was defined as the use of a long bow 
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for long notes and a short bow for short notes (with a short bow being less than a half 
bow). For Veerle, this was defined as a position shift at the right point in the piece.  
Table 3.2: Coding system for real time behavior within a lesson 
 
The hierarchy of teacher’s instructions (i.e. the scaffolding level) was based on the steps 
that a student has to make to be able to adjust his own performance. Both modelling and 
gestures are argued to be the highest level (level three) because the student has to take 
three steps: when looking at the teacher playing, the student has to be able to a) 
distinguish the skill that is being addressed from the teacher’s performance (for example, 
that the teacher uses a short bow when she plays short notes); b) translate that skill to an 
action on his own instrument and c) execute that movement. When the teacher gives 
verbal instruction (level 2), she verbalizes the skill that is addressed after which the 
student still has to take step b) and c). Finally, when the teacher physically corrects the 
student (level 1) (for example, puts the left hand fingers at the right position) the child 
only has to take step c). As we see in Table 2, labelling their instructions on level 1, 2 or 3 
Variable Relates to Values Description Instruction 
level 
Student plays Student On/off Student plays on own 
instrument 
- 




Teacher On/ off Teacher gives non-verbal 
instruction by touching the 






Teacher On/ off Teacher gives verbal 
instruction (for example: 
gives information, tells 
student what to do next, 






Teacher On/ off Teacher gives non-verbal 
instruction without touching 
the child or the child’s 
instrument (for example: 










assessed the scaffolding level of the teachers. Non-verbal physical instruction was coded 
as level 1, Verbal instruction as level 2 and Modelling and Gestures as level 3. 
 
The behaviors were coded using MediaCoder (Bos & Steenbeek, 2010). To assess the 
reliability of the coding system, a second observer (a developmental psychologist with 
experience in violin playing and ability to read sheet music) was trained in using 
MediaCoder to code twenty percent of the recorded lessons. For the variable student 
performance, an interobserver agreement of 87 % was found for position shifting 
(Cohen’s Kappa = .70) and an agreement of 96 % for bow distribution (Kappa could not be 
calculated over this variable). For the on/off variables, the percentage of overlap of the 
codings over time (in milliseconds) was calculated. This calculation yielded an overlap of 
98 % for the variable Student plays, an overlap of 99 % for the variable Teacher plays and 
an overlap of 88 % for the variable Teacher talks. This agreement is substantial, which 
means that the coding system can be used reliably.  
3.3 Results 
The goal that was selected for Anna (5;11) was bow distribution in one particular piece 
(Allegro by S. Suzuki (Suzuki Vol.1 Song 8)). This goal was assessed in two consecutive 
lessons. Veerle’s (6;11) goal was position shifting, more specifically within the piece 
Menuet 3 by J. S. Bach (Suzuki Vol.2. Song 4). This piece was new to Veerle. Therefore, 
while the teacher focused mainly on the timing of the position shifts, she also gave 
instruction about the correct notes and bowings of the piece. The teacher and Veerle 
worked together on this goal in six consecutive lessons. These rehearsal frames can be 
divided in performance fragments, as we can see in Figure 3.1. A performance fragment 
begins when the student stops playing the previous fragment and lasts until the point that 
the student stops playing the next fragment, thereby also including teacher and student 
behavior in between fragments. To provide a more detailed picture of development over 
time, teacher and student behavior were not only summarized over rehearsal frames over 
lessons, but also over performance fragments. These proportions of teacher behavior and 
student level were plotted over time, after which we performed descriptive curve 
analyses on the data. In principle, these curve analyses pertained to the raw data, but to 
get a more general idea of patterns over time, a spline function was used to draw smooth 
lines between the data points in one of the graphs (e.g. Figure 3.4.c). 
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As mentioned in the Method section, performance level of the student was assessed after 
each performance fragment. For Veerle, however, this turned out to be less suitable since 
she played the entire piece from beginning to end in each lesson, and only paused when 
she lost track of which notes to play next. Therefore, her performance level was assessed 
after she finishes the piece, once per rehearsal frame. 
 
Figure 3.1. Performance fragments within rehearsal frames, within lessons over time 
Figure 3.2.a and 3.2.b show that the length of performance fragments in general increases 
over time. Performance fragments can end when the teacher tells the student to stop 
playing, but can also end when the student stops playing herself (for instance because she 
does not know how to continue). So, this increase in fragment duration could be due to 
the fact that the teacher gave the student more freedom to play extended passages, but 
also to the fact that the student became more capable of playing longer fragments of a 
certain piece, or a combination of both. 
 
Figure 3.2.a and 3.2.b. Fragment length (in measures) of student performance over performance 
fragments (Anna) and rehearsal frames (Veerle) 
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Hypothesis 1: Relation between instruction duration and performance level 
The first hypothesis was that there would be a positive relation between the duration of 
teacher instruction and student performance level until the student approximated that 
lesson goal. After that, the amount of instruction would diminish. The duration of teacher 
instruction was calculated as a proportion of the total duration of the fragment, since the 
fragments differed in length. Both variables were standardized to fit on the same scale. As 
we can see in Figure 3.3.a, in Anna’s case there was a strong connection between 
instruction duration and performance level over fragments. For Veerle, however, there 
was no visible relation (Figure 3.3.b). 
 
Figure 3.3.a and 3.3.b. Student performance level and teacher instruction duration over performance 
fragments (Anna) and rehearsal frames (Veerle). 
Hypothesis 2: Relation between instruction level and performance level 
The second hypothesis was that there would exist a relation between the level of 
instruction of the teacher and the performance level of the student. More specifically, the 
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expectation was that when student performance level is low, the teacher would mainly 
give lower level forms of instruction (non-verbal physical and verbal instruction). When 
the performance level increases, the teacher would switch to a higher level of instruction 
(relatively more modeling and gestures). For each fragment the proportion of instruction 
in each of the three categories was calculated; as is shown in Figure 3.4.a and 3.4.b, the 
proportions of instruction per fragment always add up to 1.  
 
Figure 3.4.a and 3.4.b. Student performance level and proportions of teacher instructions summarized over 
performance fragments (Anna) and rehearsal frames (Veerle). 
The results show that after the second fragment there was a general increase in Anna’s 
performance level (see Fig. 3.4.a). We also see that her teacher used different kinds of 
instruction while working on this goal. In terms of patterns over time, the first thing that 
stands out is the u-shaped curve representing modeling and gestures in the first lesson 
(performance fragments 1 to 6). The teacher began with modeling Anna what she should 
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do, but her performance did not change. The reason for this is that this type of instruction 
might be too advanced for her in this stage of learning. The teacher responded (after the 
second fragment) by giving relatively more lower-level instruction. When Anna’s 
performance level increased over the next three fragments, the teacher again switched to 
mainly modeling up until fragment 6. In the second lesson, starting at fragment 7, the 
teacher started by giving Anna more lower-level instruction (physical and verbal 
instruction), possibly to remind her verbally of what they did last lesson.  
 
In the second lesson, there was an increase followed by a small decrease in Anna’s 
performance level. Over fragment 7 to 9 we see an increase in the amount of level 3 
instructions (modeling and gestures). In the last fragment, Anna was able to maintain a 
high level of correct bowing while the teacher switched almost exclusively to modeling 
and gestures. Verbal instruction was variable but decreased in general while physical 
instruction was high in fragment 4-5 and 7-8 but stayed low in the other fragments.  
 
In Figure 3.4.b, we see that Veerle’s performance level was variable. There was an 
increase in performance level between the first two rehearsal frames, but in the third 
frame the level lowered. Veerle’s teacher did not use non-verbal physical instruction 
(level 1), but alternated between verbal instruction and modeling/gestures (level 2 and 
3). Only in the second rehearsal frame, she used mostly verbal instruction while in the 
other lessons, modeling/ gestures were more prevalent. From the second rehearsal 
frame, we see in general a decrease in proportion verbal instruction and an increase in 
modeling/ gestures. However, since Veerle’s performance level did not show a clear 
increase over time, it is hard to relate the performance level to the instruction level. 
 
In Figure 3.4.c (below), which displays the smoothed curves of the four variables over 
performance fragments 1 to 6 (Anna), we clearly see the trend of the teacher to replace 
high-level instruction with lower-level instruction over time, which is related to a general 




Figure 3.4.c Spline graph of Anna’s performance level and teacher’s levels of instruction during the first six 
measurement points. 
Hypothesis 3: Development of teacher-student overlap over time 
Third, it was expected that teacher and student behaviors would show increasing overlap 
over time (e.g. that the teacher and student would act at the same time, as opposed to 
turn-taking). This means that we should see student-teacher interaction develop from a 
clear-cut action-reaction chain towards behaviors that overlap one another. In the first 
fragments, overlap between teacher and student behavior would be low, but this overlap 
would increase over time.  
 
Recall that in Anna’s case, the performance fragments stem from two separate rehearsal 
frames, while in the case of Veerle six rehearsal frames address the performance goal that 
we focused on. In Anna’s case, we see clearly that overlap in the first three fragments was 
very low. From the fourth fragment onwards, there was a large increase in overlap 
between teacher and student behavior. One could argue that this is simply because the 
duration of teacher instruction increased (especially during the first rehearsal frame, 
performance fragment 1 to 6) as we saw in Figure 3.2.a. However, the length of the 
performance fragments also increased (see Figure 3.1.a), so the large increase in overlap 




Figure 3.5.a and 3.5.b. Proportion overlap in teacher and student behaviors over performance fragments 
(Anna) and rehearsal frames (Veerle). 
In Figure 3.5.b, we see that overlap between student and teacher behavior did not show a 
clear increase over Veerle’s rehearsal frames, but rather has a u-shaped pattern. When, 
however, we look at Figure 6 in which overlap over performance fragments is displayed, 
we see that overlap did increase over fragments within a certain rehearsal frame. Since 
the overlap indicates joint action, and joint action is the next step of social mediation after 
explicit instruction, we can conclude that the current data provide some evidence of 
progress in social mediation during the music lessons. 
 





3.4.1 Summary of results 
The two case studies we have presented in this paper show partial support for the first 
two hypotheses (Hypothesis 1: Relation between instruction duration and performance 
level; Hypothesis 2: Relation between instruction level and performance level). Especially 
in Anna’s case, there is a clear connection between the amount of instruction and the 
performance level of the student. Furthermore, although behavior is variable, it is likely 
that there exists a connection between the instruction level of the teacher and the 
student’s performance level. In Veerle’s case, however, the data provided no support for 
these two hypotheses. This may stem from the fact that the goal selected for Veerle was 
more diffuse than that of Anna: while Veerle was learning to time position shifts, she was 
also learning the notes and bowings to this piece. So while the teacher was giving mainly 
instruction about when to time the shifts, she also corrected Veerle when she played a 
wrong note or had the bowings wrong. This could contribute to the fact that instruction 
patterns were more diffuse and were not primarily focused on the performance level in 
terms of correct position shifts. Also, Veerle’s performance level does not show a 
profound increase. This does not necessarily mean that Anna is a better student than 
Veerle (actually, the teachers described both Anna and Veerle as good students who were 
well able to pick up instructions and consistently practiced at home). It could be that 
learning position shifts is a goal that takes much longer than the observed two months, 
and that Veerle has already reached a temporary ceiling in her performance on this goal, 
with only some variation around that point. This observation is in line with a prediction 
from the dynamic model of scaffolding (Van Geert & Steenbeek, 2006): if progress in the 
student is low, teacher and student tend to get locked in a stationary process, i.e. a stable 
state that empirically takes the form of random fluctuation around a stable mean.  
 
The patterns of overlap between teacher and student behavior show support for the third 
hypothesis that music learning occurs through social mediation. Especially in Anna’s case, 
there is an increasing amount of overlap (however, we see less clear patterns in the case 
of Veerle). Future research on scaffolding in music lessons should be extended to include 
more cases and to following the teacher-student dyads for a longer period of time. In this 
way, other assumptions of the scaffolding model can be tested. 
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3.4.2 Generalizations and implications 
When comparing the observations of West and Rostvall (2003) to the ones made in this 
study, there are some important differences. The first is that they found that music 
learning was exclusively focused on reading notes from the score. In the present study, we 
found that teachers and students worked on many different kinds of goals and only rarely 
on reading sheet music. Usually, the teacher assessed the student’s playing of a new piece 
and then selected an aspect of their playing that needed improvement (for instance note 
accuracy, bow hold or bow distribution), which is in line with the model of deliberate 
practice (Ericsson, 2000). Second, West and Rostvall found that teachers mainly gave 
verbal instructions. In contrast, the teachers in our study constantly shifted between 
different types of instruction in order to achieve the lesson goals. Apparently, there are 
great differences possible in music learning interactions. Possibly, these differences are 
partly caused by the method used. Since the Suzuki method focuses on learning to play 
music by ear, it makes sense that lesson goals are certainly not limited to reading music.  
 
The findings of Yarbrough and Price (1989) already pointed to the conclusion that the 
behavior of music teachers during lessons cannot be captured exclusively by focusing on 
predetermined instruction cycles. We argue that, contrary to their conclusion, this is not 
necessarily a bad thing. Instead, the flexibility of teachers to adapt their behavior to the 
student’s level at a particular point in the lesson might well be the key to effective 
scaffolding and thereby, effective teaching.  
 
Our study is a first attempt to fill the gap in the literature on music learning by 
systematically addressing the student’s development on a musical goal not only over, but 
also within lessons. This microgenetic approach is necessary if we want to understand 
what exactly the teacher is scaffolding at a particular moment, and how this intervention 
influences the future progress of the student’s play (e.g. describing the iterative nature of 
scaffolding interactions). This approach has generated new hypotheses for research in 
music education and thus proves to be a fruitful area for future research in the field. The 
two cases illustrate the variable nature of student progress within lessons. The relation 
between student and teacher behaviors in lessons points to a process of constant mutual 
adaptation in order to reach a particular goal.  
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3.3.4 Recommendations for future research 
We do realize that, by focusing solely on task-related interactions between teacher and 
student (instructions on the teacher’s side and performance level on the student’s side), 
we offer a reductionist view of the complex nature of teacher-student interaction, which 
also comprises emotional and motivational aspects. Therefore, in a series of future 
studies, we will look at the link between task-related and emotional/ motivational 
scaffolding and how these aspects are expressed in real-time teacher and student 
behaviors during the lesson (see a further paper of Kupers, Van Dijk & Van Geert, 
submitted). Future studies should also focus on what characteristics of real-time learning 
interactions relate to positive learning outcomes, and in return, to the role of previous 
positive outcomes and further learning. Also, differences in learning trajectories between 
different teacher-student dyads can be investigated. Because Yarbrough and Price (1989) 
found that beginning teachers were more likely to follow the static instruction cycles, it 
would be interesting to see whether experienced teachers can apply scaffolding more 
effectively compared to beginning teachers, since beginning teachers appear to be less 
flexible (for instance in adapting the instruction level to the observable progress of the 
student). This future line of research can generate examples of ‘good practice’ in 
scaffolding, which in turn can help the teacher focus on assessing the level of the student 






Chapter 4  
WITHIN-TEACHER DIFFERENCES IN ONE-TO-ONE SCAFFOLDING 
INTERACTIONS IN INSTRUMENTAL MUSIC LESSONS 
Elisa Kupers, Marijn van Dijk & Paul van Geert 
Submitted for publication 
Abstract 
The aim of this study was to look at within –teacher differences in scaffolding 
behaviors and patterns over longer periods of time. We analyzed scaffolding on 
different levels of increasing complexity, ranging from frequencies of scaffolding 
behaviors to measures of the intra-individual variability of the teacher-student 
scaffolding interactions. We tested whether the scaffolding behaviors and patterns 
were systematically different when the same teacher engaged in interaction with four 
different students, and whether these patterns changed over the course of 18 months. 
Overall, the findings confirm that differences in scaffolding patterns in the interaction 
with different children exist, especially between the high-performing student and the 
other students who were performing below average. More specifically, the teacher-
student interaction with the high-performing student showed higher levels of 
contingent scaffolding and more intra-individual variability in the interactional 
patterns. In general, little evidence was found for systematic increases or decreases of 




4.1.1 Defining scaffolding 
“The most important single factor in learning is what the learner already knows. 
Ascertain this and teach him accordingly” (Ausubel, 1968, p. iv) 
This assumption summarizes a fundamental principle in learning through interaction 
between teacher and student: the teacher adapting his instruction to the current level of 
understanding of the student. This learning principle is central to constructivist teaching 
in general and scaffolding in particular. According to Vygotsky, learning takes place at an 
intermental (social) level before it takes place at an intramental (individual level) 
(Vygotsky, 1978). Scaffolding can be seen as a bridging mechanism between the 
intermental and intramental levels of learning. In learning, scaffolding refers to the 
temporary support of an adult (usually a teacher or parent) to help the child complete a 
task or solve a problem that is just beyond the current level of the child (Granott, Fischer, 
& Parzialle, 2002; Wood, Bruner & Ross, 1976). After successful scaffolding, the support 
can be toned down so that the child is able to function independently at a higher level. The 
concept of scaffolding is getting increasingly more attention in educational research over 
the past couple of decades but its use tends to become overgeneralized (Puntambekar & 
Hubscher, 2005). The problem is that scaffolding is increasingly being used as a synonym 
for ‘support’ (for instance, hints and feedback of the teacher) while the original definition 
of scaffolding is much more specific and aimed at describing how teachers adapt their 
support or level to what the student is showing at one particular moment in time. Van de 
Pol, Volman and Beishuizen (2010; 2009) distinguish between three main aspects of 
scaffolding. The first is contingency which refers to this adaptation of the teacher’s 
teaching level to the current level of the student. The second characteristic is that, after 
the student reaches a higher level of functioning, the support of the teacher can be faded 
out. The rate at which support is faded out is dependent on the level of the student. 
Parallel to fading, the responsibility for learning is transferred from the teacher to the 
student, which is the third characteristic of scaffolding. This aspect of responsibility 
transfer is in line with Stone’s (1998) emphasis on the student as an active participant in 





The focus of the current study will be on contingency, which is a central mechanism in 
scaffolding. Contingency implies that the teacher adapts his teaching level to the 
performance level of the student, and that, as a result of that scaffolding, the student’s 
level will increase. This teaching level can be conceptualized as the assignments that the 
teacher gives, the kind of support that the teacher provides through asking questions 
etcetera. Importantly, these teacher ‘scaffolds’ can be assigned a certain level of skills and 
knowledge, in the same way in which a level of skills or knowledge can also be assigned to 
the student’s response to these tasks. The level of the student and the teaching level are 
dynamically coupled (van Geert & Steenbeek, 2005); an increase in one causes an increase 
in the other, and so forth until the dyad reaches a stable level. Between the level of the 
student and that of the teacher is an optimal distance. If the distance is too large, the 
student will not be able to pick up the instruction from the teacher, but if the distance is 
too small, the student will not be able to learn anything new. This optimal distance is not a 
fixed property, but can be different for different students (Steenbeek & van Geert, 2006). 
The process of scaffolding also implies a coupling of timescales; what happens in the here 
and now of the teaching interaction influences both learning and scaffolding on the long 
term. On the other hand, the long-term development of both the teacher and student (for 
instance, the knowledge which the student acquired in previous lessons, or the general 
teaching style of the teacher and the recurring scaffolding patterns restricts the range of 
possible scaffolding interactions in the current lesson (van Geert & Steenbeek, 2006).  
4.1.2 Individual differences in educational scaffolding 
Research on scaffolding (see Van de Pol, Volman & Beishuizen (2010) for an overview) 
has provided us with information on how scaffolding occurs in naturalistic educational 
settings, for instance regarding the different instructional strategies which teachers use 
during scaffolding (the most recurrent are giving hints, instructing, giving feedback, 
explaining, modeling and questioning) (Wood et al., 1976; Tharp & Gallimore, 1988, cited 
in Van de Pol, Volman & Beishuizen, 2010). In general, adaptive scaffolding is related to 
positive learning outcomes such as improved metacognitive skills (Azevedo, Cromley, 
Winters, Moos, & Greene, 2005; Mercer et al., 2004) and improved cognitive 
representations (Murphy & Messer, 2000), This effect can disappear on the classroom 
level when the teacher’s intensive scaffolding of a smaller group of students is detrimental 
to the on-task behavior of the other students who are left more to their own devices (Van 
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de Pol, Volman, Oort, & Beishuizen, submitted). 
Although scaffolding appears to be an effective method of teaching in general, there are 
large differences in the extent to which teachers actually apply contingent scaffolding in 
everyday educational practice. Some of these differences between teachers might have to 
do with varying levels of expertise in teaching. Both Meyer (2004) and Borko and 
Livingston (1989) found that experienced teachers, compared to novice teachers, are 
better at diagnosing the current level of their students and adapting their level 
accordingly. Similarly, Ensing, Van Geert, van der Aalsvoort and Voet (in press) stress the 
importance of the teacher’s ability to correctly diagnose the student’s need for help. 
Individual differences between teachers can also be attributed to the teachers’ beliefs; Suk 
Lee, Baik and Charlesworth (2006) found that teachers who believe in child-centered 
learning (compared to teachers who have the view that the teacher should play a more 
directive roll in transmitting knowledge) improve more in the quality of their scaffolding 
interactions following an intervention. The role of individual differences between 
students in scaffolding has been investigated much less. Pat El, Tillema and Koppen ( 
2012) looked at individual differences in the students’ overall sense of autonomy, 
competence and relatedness. These concerns mediated the relationship between the 
instructional behaviors of the teacher (including scaffolding) as reported by the students 
themselves, and the motivation of the student. In a multiple case study on dynamic 
assessment (a concept closely related to scaffolding), Ensing, van Geert, van der Aalsvoort 
and Voet  (in press) found that scaffolding patterns in kindergarten were different when 
the teacher interacted with two different children, more specifically the children differed 
in the way they (tried to) elicit help from their teacher. 
 
Concluding, scaffolding centers around mutual adaptations between teacher and student 
that occur from moment to moment in the here and now of learning and teaching. 
Because of the coupling of this timescale with long term development, we would expect 
differences in student characteristics (that have been acquired over longer periods of 
time; so-called ‘distal factors’) to be connected to different scaffolding patterns. 
4.1.3 Analyzing adaptation from a dynamic point of view  
Learning processes on the micro-level timescale are often characterized by complexity 
and nonlinear growth (Jörg, Davis, & Nickmans, 2007; Steenbeek & Van Geert, 2013). This 
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means that in order to increase our understanding of scaffolding, we need research 
designs which focus on individual processes, that is to say real-time processes that occur 
between a particular teacher and student or students, with dense observations over time 
(Kupers, van Dijk, McPherson & van Geert, 2013). These dense temporal measurements 
allow us to analyze not only the content of the teacher - student interaction, but also at its 
temporal structure, for instance in terms of intra--individual variability over time (see 
also Mainhard, Pennings, Wubbels, & Brekelmans, 2012). 
 
In the field of developmental psychology, intra-individual variability has been getting 
increasingly more attention in studies with a micro-genetic, complexity-based approach. 
According to complexity-based theories of development, intra-individual variability is a 
fundamental characteristic of development. Variability allows the system (for instance, 
the student or the teacher-student dyad) to explore different ways of adapting to one 
another. This exploration is necessary to find a new, optimal state (van Dijk & van Geert, 
2013; Thelen & Smith, 1994). Additionally, Skinner (1950; 1981) was the first to point to 
intra-individual variability as a core principle of learning through the principle of operant 
conditioning. According to Skinner, behavior spontaneously varies over time. The 
variations that are reinforced through the environment are more likely to re-occur in the 
future.  
 
The empirical literature on variability and learning shows that an increase variability is 
often an indicator of a developmental transition. For instance, Siegler and Svetina (2002) 
found that during a matrix-completion task, children showed more variability in the 
amount of errors they made just before discovering a new strategy to address the task. 
Most of the empirical studies on the role of variability in learning have taken place in 
more or less controlled laboratorium settings. Research that addresses variability in real 
life, classroom settings is relatively scarce (Mainhard et al., 2012). 
4.1.4 The current study 
Because little research has been done on patterns in scaffolding interactions, our study 
will provide a first exploration of how to measure the relevant characteristics of 
microgenetic scaffolding patterns (including intra-individual variability) over time. Since 
scaffolding is an adaptive process and is likely to be different for different teacher-student 
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dyads, this study tests whether these structural microgenetic measures allow us to 
differentiate between four students of a single teacher with highly different overall 
characteristics (e.g. students who make very little overall progress versus students who 
show above average progress). In other words, we expect there to be inter-individual 
differences above and beyond the intra-individual variations in scaffolding interactions 
that occur over time. By having a closer look at the differences in scaffolding patterns on 
the micro level, future studies will be able to better understand how (intra-individual) 
scaffolding patterns within the lesson can contribute to different (inter-individual) 
outcomes on the long term (Kupers, Van Dijk, McPherson, & Van Geert, 2013).  
 
The method we choose for analyzing scaffolding interactions should be able to tell us 
something about the major characteristics of the scaffolding patterns over time, such as 
the extent to which the interaction patterns are variable. One highly suitable way of 
studying these structural aspects over time is by specifying the interaction in a state 
space. A state space is a collection of all the possible states of a system (Lewis, Lamey, & 
Douglas, 1999). The data of each teacher-student dyad can be plotted in a State Space Grid 
(SSG) by means of Gridware software (Lewis, Lamey & Douglas, 1999) which is designed 
to study the behavior of the system across the state space. More specifically, the degree of 
movement across the SSG is an indicator of the variability of the interaction within one 
lesson. This enables us to look both at the scaffolding sequences and the overall variability 
in the scaffolding time series. 
 
An appropriate context for studying scaffolding should allow us to optimally study the 
properties of scaffolding as it unfolds through real-time interactions. Our study is 
conducted in the context of one-to-one violin lessons, which is a very appropriate context 
for studying scaffolding: learning to play a musical instrument requires a complex set of 
skills, which all have to be ‘scaffolded’. Furthermore, individual music lessons provide 
continuous one-to-one communication, and therefore a higher chance to observe 
uninterrupted patterns of scaffolding. And last, music lessons take years, which allows us 
to monitor the same teacher-student dyad over longer periods of time.  
4.1.5 Research questions 
Our main question is: Are there systematic differences between the scaffolding 
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interactions of one teacher with different students? 
 
We can look at the within-teacher differences at different levels, of increasing complexity. 
At the least complex level, we want to know whether the teacher and student behaviors 
are different for the different dyads. At the next level, we look at differences between 
scaffolding sequences, e.g. whether the teacher responses to student performances differ 
per dyad. And at the third (most abstract) level, we look at differences in the structure of 
the interaction with different students. Because teacher-student interactions naturally 
vary over time (both within lessons and over longer periods of time), our test is whether 
there are between-dyad differences above and beyond the intra-individual differences. 
 
Sub questions include: 
1. Are there differences between students in the level of the assignments of the 
teacher during the lessons, and in the level of the student’s performance on these 
assignments? 
2. Are there differences between students in the amount of contingent scaffolding 
sequences during the lessons? 
3. Are there differences between students in the structure of the scaffolding 
patterns? 
4. Do scaffolding patterns show trends over longer periods of time (18 months), and 
are these patterns different between the four students? 
4.2 Method 
4.2.1 Participants 
The data of this study were part of a larger longitudinal study on socially situated learning 
in music lessons. Participants in the current study were one violin teacher and four of her 
beginning students (Daphne, Joyce, Adam and Milou). The teacher was experienced and 
taught violin lessons in a private practice from home . The teacher was qualified in 
teaching via the Suzuki method, which is an internationally used method to teach string 
instruments to young children. In this method, an emphasis is played on starting music at 
a young age, repetition and playing from ear rather than from sheet music in the 
beginning phases of learning (Suzuki, 1969). At the start of the study, the students were 
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between 5;1 and 5;11 years old and had been following music lessons between 1 and 8 
months. Daphne and Joyce are sisters. At the end of the study, the teacher was asked to 
rate the progress of the student on a 5-point scale ranging from ‘below average (1)’ to 
‘average’ (3) to ‘above average’ (5). This score was used to select the participants from the 
larger sample; in order to explain individual differences in scaffolding, we chose the 
teacher (out of a sample of 8 teachers) who had students with the most diverse scores on 
progress. All student characteristics are summarized in Table 4.1.  
Table 4.1. Student characteristics. 
* Students’ names were changed for the sake of privacy 
Before the start of the study, the teachers and parents of the children signed an informed 
consent form. The Ethical Committee Psychology of the University of Groningen approved 
of all procedures. 
4.2.2 Measurements 
In order to measure scaffolding interactions, the two key variables have to measure the 
level of the student and the level of the teacher assignment at each point in the lesson. The 
level of the teacher assignment was measured relatively in relation to the previous 
assignment, and the level of the student was measured in relation to the previous teacher 
assignment, so that the level of the student and the (assignment) level of the teacher can 
be coupled (see the complete coding scheme in Appendix II). 
Behavioral measures 
1. Teacher assignment level was measured every time the teacher gave the student a 
new assignment in the lesson (this could be by saying for instance ‘Now we are 
going to try...’ but also nonverbally, by demonstrating a task that the student was 
clearly supposed to perform). Each assignment was rated in terms of complexity 
relative to the previous assignment into one of four categories: Forward (more 
complex than the previous assignment, e.g. combining more task elements), 
Name* Adam Daphne Joyce Milou 
Age 5;10 5;1 7;4 5;11 
Months of lessons 1 3 3 8 
Progress 2 1 2 5 
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Backward (less complex than the previous task, e.g. eliminating task elements), 
Repeat (a repetition of the previous task) or New task (the current task being 
unrelated to the previous task, e.g. play another piece). This coding scheme is 
based on Siebenaler’s (1997) coding scheme which was previously validated in 
piano lessons.  
2. Student performance level was measured after each assignment of the teacher. The 
student’s attempt to execute the assignment was either rated as Correct, Partially 
correct or Incorrect. This coding scheme is a simplified version of the coding 
scheme used in Kupers, Van Dijk and Van Geert3 (in press, p.9).  
Interobserver reliability was determined in two steps for 10 videos (from the larger 
dataset). First, the first two authors determined agreement on the unit of analysis (e.g. 
what counts as a teacher assignment and a student performance). Reliability is often not 
determined at this level, but it can have major consequences for further analyses of the 
data (Krippendorff, 1995). The two observers agreed on the segmentation of three videos 
into assignments and performances in 89 % of the time (agreement levels between 81 
and 98 % per video). The second step (with overlap calculated between the first author 
and two trained master’s students) consisted of independently coding Teacher 
assignment level and Student performance level, resulting in Cohen’s Kappa of .91 for 
Teacher Assignment Level (agreement between 67 and 100 %) and Cohen’s Kappa of .78 
for Student Performance Level (agreement between 63 and 95 %). 
Process measures 
1. Contingency. For each coded lesson, the actions and reactions of teacher and 
student level are plotted in a State Space Grid (Lewis et al., 1999; see Figure 1). 
Because the teacher assignment level consists of four categories, and the student 
performance level of three categories, the grid contains 12 cells. On the basis of 
the literature on scaffolding, we determined which sequences of actions (e.g. cells 
in the SSG) could be labeled as contingent scaffolding. Contingent scaffolding 
implies that there should be an optimal distance between the level of the student 
and that of the teacher, with the teacher being (slightly) ahead. On the basis of this 
                                                           
3 The coding scheme of student performance used for the case studies in Küpers, van Dijk & van Geert (in 
press) measures the progress on two specific goals. Because there were numerous goals addressed in the data 
of this study, the decision was made to alter the coding scheme and reduce it to three levels (instead of a 
continuous scale) to make it broadly applicable to all possible goals that are addressed in each lesson. 
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principle, the following sequences can be labeled as contingent scaffolding: 
increasing the assignment level or starting a new assignment after a correct 
student performance, staying at the same level after a partially correct 
performance and lowering the assignment level after an incorrect performance. 
We then calculated the percentage of contingent sequences per lesson.  
2. Dispersion. Also, we calculated the dispersion of the scaffolding patterns. 
Dispersion is a measure which reflects the extent to which interactions are 
variable over time (Hollenstein, 2012). It can take a value between 0 (all 
sequences are in one cell of the grid) and 1 (all sequences are equally spread out 
over the grid).  
 
Figure 4.1. Example of a State Space Grid of one lesson. The states with a black line represent 
contingent scaffolding. 
 
3. Visit entropy Entropy is another measure of within-lesson variability. It quantifies 
the orderliness or predictability of communication patterns, with low entropy 
indicating a very ordered pattern (e.g. ABABAB) and higher values of entropy 
indicating a more random, disordered pattern (e.g. ABCUAABGHBA) (Dishion, 
Nelson, Winter, & Bullock, 2004; Hollenstein, 2012). Entropy does not have a set 
range of possible values like Dispersion; rather, the range depends on the number 
of cells and the distribution of the data. Both Entropy and Dispersion measure to 
what extent the teacher-student interaction has strong attractor states, i.e. cells or 
regions in the SSG that are visited much more often than others (states to which 
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the system is drawn; one type of interaction is recurring, which is associated with 
less variability) or whether the scaffolding interactions are flexible, i.e. show 
constant changes. The difference between Dispersion and Visit Entropy is that 
Dispersion depends on the division of behavior across the entire grid, while Visit 
Entropy is calculated from consecutive transitions between cells.  
Procedure 
Data was collected over a time span of 18 months. Every three months, the individual 
violin lesson of each student was videotaped, resulting in a total of seven repeated 
measurements per student. It is important to note that Adam quit his violin lessons 
halfway through the data collection, and as a result only has 4 repeated measurements. 
The video recordings were made by the first author. Teachers and students did not get 
any specific instructions but were instead asked to carry out their lesson as they normally 
would in order to capture the scaffolding interactions as naturalistically as possible. Of 
every lesson video, which usually lasted between 15 and 30 minutes, the first ten minutes 
were coded in detail using professional coding software (The Observer version 10.5, 
Noldus).  
Analyses 
First, we explored differences between the four students with regard to the frequencies of 
teacher and student behaviors (Teacher assignment level and Student performance level). 
These differences in frequencies were tested with a Chi-Square test using SPSS. 
 
Second, we tested whether the students differed in the level of contingent scaffolding, the 
mean amount of Dispersion and the mean amount of Visit entropy with a non-parametric 
Monte Carlo test. The first step of the MC test consists of calculating the average levels of 
contingency for each student, as well as the differences between these average levels. As a 
second step, the column with all data points is randomly shuffled, after which again four 
averages (one for each student) are calculated (maintaining the original amount of data 
points for each student, so the average of student 1 consists of data points 1 to 7, the 
second data points 8 to 14 etc.), and again the differences between these averages are 
calculated. The random shuffling of the data corresponds with establishing a random 
order (i.e. the contingency levels per lesson are randomly assigned to the different 
students). This corresponds with our null hypothesis (there are no systematic differences 
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between students), as opposed to the hypothesis that the students indeed differ in the 
level of contingent scaffolding that emerges in the lesson. This second step is repeated 
1.000 times. And as a final step, we tested with a Monte Carlo simulation whether the 
differences between students in the actual data were larger than the differences in the 
randomly shuffled data (in other words, the difference between the actual averages and 
the averages of 7 randomly assigned values per student). This procedure was repeated for 
the other two variables (Dispersion and Visit entropy). 
 
Third, we made transition matrices to explore specific differences in scaffolding 
sequences between the students. The difference between students in the frequencies of 
teacher responses after respectively Correct, Partially correct and Incorrect performances 
was tested using Chi Square tests (separate tests for teacher frequencies after Correct, 
Partially correct and Incorrect performances). 
 
Finally, we plotted all variables over time. Trends over time were tested non-
parametrically by using a Monte Carlo test (see previous paragraph), which in this case 
was used to test the slope of the empirical data against the slope of randomly shuffled 
data.  
4.3 Results 
The first three sub questions all relate to testing whether there are systematic differences 
between the four students. This is tested statistically by estimating the chance that the 
data from all students stems from the same distribution (i.e. the null hypothesis). When 
the differences not turn out to be statistically significant, this does not mean that the 
teacher has a rigid style of scaffolding; rather, the different interactions with the same 
student are as variable as the differences between students (i.e. the inter-individual 
variability is not large enough compared to the intra-individual variability).  
 
Research question 1: Are there differences between students in the level of the assignments 
of the teacher during the lessons, and in the level of the student’s performance on these 
assignments? 
Overall, the vast majority of the performances were labeled as Correct or Partially correct 
(see Figure 4.2). This relatively high level of performance throughout the 18 months of 
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recording, can indicate that the teacher is scaffolding relatively low in the zone of 
proximal development. Despite the difference in progress between the four students, the 
teacher picks assignments that the students at least partially grasp. Beyond this general 
finding, the analysis revealed significant differences between the four students (X²=26.05, 
df = 6, p < .01) (see Figure 4.2). More specifically, whereas Daphne and Joyce have 
comparable levels of Partially correct and Correct, Milou has far higher levels of correct 
performances during the lessons, while Adam has a far higher percentage of Partially 
correct performances compared to the other children. 
 
Figure 4.2. Overall percentage of performance level categories for the four students. 
Figure 4.3 shows that the vast majority of the teacher assignments is a repetition of the 
previous assignment. There are some differences between Milou and the other three 
students in terms of the assignments in their lesson. Compared to the other students, 
Milou has a somewhat higher percentage of New Tasks and Backwards, and a lower 
percentage of Repeat. However, overall there are no significant differences between the 
students (X²=13.70, df = 9, p =.16). These results do not necessarily indicate whether the 





Figure 4.3. Overall percentage of teacher assignment level categories for the four students. 
Research question 2: Are there differences between students in the amount of contingent 
scaffolding patterns during the lessons? 
Overall, 48.4 % of the interactions could be labeled as ‘contingent scaffolding’, which 
means that the teacher responds adaptively to the previous student performance by 
maintaining an optimal distance between the student level and the assignment level. We 
tested whether this measure of contingent scaffolding would allow us to differentiate 
between the interactions of the teachers with students of varying levels of progress. If we 
compare the lessons of the four students to one another, it becomes clear that the lessons 
of Milou contain higher levels of contingent scaffolding (53.7 %) than the lessons of Adam, 
Daphne and Joyce (44.5, 41.0 and 43.6 % of contingent scaffolding respectively). The 
difference between the levels of contingency of Milou and the average level of the other 
three students together is significant (p = .03). Of the individual comparisons of between 
all students (e.g. Adam vs. Daphne, Adam vs. Milou etcetera, yielding 6 possible 
differences), only the difference between Daphne and Milou is significant (p = .05).  
 
Research question 3: Are there differences between students in the structure of the 
scaffolding patterns? 
Scaffolding sequences In order to explore whether the scaffolding sequences of this 
teacher differ for the different students, we compared the reactions of the teacher to the 
individual students’ performance levels. In Tables 4.2a, 4.2b and 4.2c we see the level of 





Table 4.2.b. Level of teacher assignment after a Partially correct performance for the four students. Bold 
font indicates the contingent sequences. 
Table 4.2.c. Level of teacher assignment after an Incorrect performance for the four students. Bold font 
indicates the contingent sequences. 
 
With Chi-square tests, we tested whether the scaffolding sequences were different for the 
four students.. After Partially correct and Incorrect performances, the level of the next 
teacher assignment did not differ between the four students (X²= 4.34, df = 9, p = .89 for 
the responses after Partially correct; X²= 4.32, df = 6, p = .63 for the responses after 
Incorrect). The Chi-Square test of the responses after Incorrect performance have to be 
interpreted with caution, since there are a high number of cells with low frequencies (<5). 
The responses after Correct performances are marginally significantly different for the 
Table 4.2.a. Level of teacher assignment after a Correct performance for the four students. Bold font 
indicates the contingent sequences. 
 New Task Forward Repeat Backward Total 
Adam 3 (15.8 %) 4 (21.1 %) 11 (57.9 %) 1 (5.3 %) 19 (100 %) 
Daphne 12 (15.8 %) 18 (23.7 %) 41 (53.9 %) 5 (6.6 %) 76 (100 %) 
Joyce 12 (25.0 %) 10 (20.8 %) 22 (45.8 %) 4 (8.3 %) 48 (100 %) 
Milou 22 (28.2 %) 23 (29.5 %) 21 (26.9 %) 12 (15.4 %) 78 (100 %) 
 New Task Forward Repeat Backward Total 
Adam 6 (15.4 %) 4 (10.3 %) 23 (59.0 %) 6 (15.4 %) 39 (100 %) 
Daphne 8 (13.6 %) 11 (18.6 %) 28 (47.5 %) 12 (20.3 %) 59 (100 %) 
Joyce 7 (12.3 %) 7 (12.3 %) 33 (57.9 %) 10 (17.5 %) 57 (100 %) 
Milou 4 (10.5 %) 4 (10.5 %) 20 (52.6 %) 10 (26.3 %) 38 (100 %) 
 New Task Forward Repeat Backward Total 
Adam 0 (0 %) 0 (0 %) 3 (100 %) 0 (0 %) 3 (100 %) 
Daphne 0 (0 %) 0 (0 %) 3 (100 %) 0 (0 %) 3 (100 %) 
Joyce 0 (0 %) 0 (0 %) 5 (100 %) 0 (0 %) 5 (100 %) 
Milou 0 (0 %) 1 (11.1 %) 6 (66.7 %) 2 (22.2 %) 9 (100 %) 
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four students (X²=15.94, df = 9, p = .07). More specifically, we again see mainly differences 
between Milou and the other three students. The teacher responds to a correct 
performance of Milou less often with a repetition of the task, and more often with either 
Backward or Forward, compared to the other students. 
 
Dispersion and Visit Entropy In general, the State Space Grids of the lessons yielded high 
levels of Dispersion (between .73 and .94 on a scale of 0 to 1, with an average level of .85). 
The Dispersion and Visit entropy levels of all four students are summarized in Table 3. 
Regarding individual differences, the Dispersion in the lessons of Milou is significantly 
higher compared to the other three students (p = .01), while the Dispersion in the lessons 
of Adam is significantly lower than the levels of the other three students (Milou – Adam p 
= .001; Joyce – Adam p = .04; Daphne – Adam p = .04). The other interindividual 
comparisons are not significant (Milou – Joyce p = .16; Milou – Daphne p = .11; Joyce – 
Daphne p = .47). We also see differences between students in the average mean levels of 
Visit Entropy. Similarly to the findings on Dispersion, the scaffolding patterns in the 
lessons of Milou show a significantly higher level of entropy compared to the average 
entropy level of the other three students (p = .004). From the interindividual 
comparisons, we see significant differences between the entropy levels of Milou and Joyce 
(p = .05) as well as the difference between Milou and Adam (p = .001).  
Table 4.3. Mean levels of within-lesson Dispersion and Visit Entropy for all four students. 
 
Research question 4: Do scaffolding patterns show trends over longer periods of time (18 
months) for the four students? 
Figures 4.4, 4.5 and 4.6 show the scaffolding pattern variables over the seven 
measurements for the four students (respectively Contingency, Dispersion and Event 
Entropy). Contingency shows variable levels over time, with no clear increase or decrease 
for any of the four students (p-values of the slopes range between .53 for Adam and .14 
for Joyce; see Figure 4.3).  
Student Dispersion Visit entropy 
Adam .79 1.51 
Daphne .85 1.70 
Joyce .85 1.66 




Figure 4.4. Levels of Contingency over time for the four students. 
As we can see in Figure 4.5, Dispersion stays remarkably stable over time for all four 
students, with relatively high values throughout the time series. Milou shows a slight, 
significant increase in Dispersion (p= .03) while the other students do not show a 
significant increase (Adam; p = .07; Joyce: p = .30; Daphne: p = .35). And last, we see very 
slight increases over time in Visit Entropy (Figure 4.6), none of which are statistically 
significant, however (p-values of .50 (Adam), .26 (Daphne), .28 (Joyce) and .14 (Milou)). In 
sum, all measures of scaffolding remain relatively stable over time.  
 




Figure 4.6. Levels of Event Entropy over time for the four students. 
4.4 Discussion 
4.4.1 Conclusion 
The aim of this study was to look at within –teacher differences in scaffolding behaviors 
and patterns over longer periods of time. We analyzed scaffolding on different levels of 
increasing complexity, ranging from frequencies of scaffolding behaviors to measures of 
the variability of the teacher-student scaffolding interactions. We tested whether the 
scaffolding behaviors and patterns were systematically different when the same teacher 
engaged in interaction with different students. Overall, the findings confirm that 
differences in scaffolding patterns in the interaction with different children exist, 
especially between the high-performing student and the other students who were 
performing below average. 
Question 1. Differences between students in teacher assignment levels and student 
performance levels.  
Our results show differences between students in their performance levels of assignments 
during the lessons. The fact that Adam had a relatively low percentage of correct 
performances compared to the other students, corresponds with the literature on how 
students who eventually quit music lessons show lower success rates on performances 
during the lessons, possibly leading to a diminished sense of motivation (Costa-Giomi et 
al., 2005). However, it should be noted that across all four students, there were very few 
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instances of incorrect performances. It seems that the teacher stays relatively low in the 
zone of proximal development, which means that the teacher stays close to the level of 
actual development (e.g. the level that the student can reach without the help of the 
teacher). This teacher opts for assignments that she knows the students can at least 
partially master, rather than running the risk of having them experience failure. All 
students had relatively many assignments that were repetitions of the pervious 
assignment. Because of the complex set of skills which playing a musical instrument 
requires, frequent repetitions are necessary to really instill the previously learned skill. 
This is equally true for other domains of learning, such as mathematics or learning to 
read. We will come back to the relation between scaffolding and consolidation later on in 
this Discussion. 
Question 2. Differences between students in the level of contingent scaffolding 
The second research question dealt with differences in contingency levels. The literature 
finds associations between contingent scaffolding and (average) student performance 
levels (e.g. Mercer, Dawes, Wegerif & Sams, 2004). Our findings are in line with this 
association: the student who showed above average progress had a higher level of 
contingent scaffolding compared to the three students with below average progress, 
which provides additional support for the assumption that contingent scaffolding 
promotes learning. However, the association could also go the other way around; it might 
be easier to provide contingent scaffolding to a well-performing student because the 
teacher might have a bigger repertoire of tasks to choose from when the student is 
performing at a more advanced level. 
Question 3. Differences between students in within-lesson scaffolding patterns 
Concerning the scaffolding sequences, we did not find large differences between students 
regarding the teacher’s response to a partially correct or incorrect performance. The 
teacher’s responses in terms of assignment level were more varied for the above average-
performing student compared to the below average-performing other students. Also, 
there were differences in the variability measures of the within-lesson scaffolding 
interactions. Again, the difference was mainly between the well-performing student, 
whose lessons showed more variability than the other, below-average-performing 
students. This is reminiscent of findings on the function of variability in other domains of 
child development; variability offers room for exploration and flexibility in the (dyadic) 
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system and therefore acts as a motor behind developmental growth and learning (van 
Dijk & van Geert, 2013). Therefore, intra-individual variability on the micro level may 
contribute to different long-term outcomes. The role of intra-individual variability has 
been investigated in diverse settings, such as children’s cognitive development in problem 
solving tasks (Siegler & Chen, 1998; Siegler & Svetina, 2002), parent – child interactions in 
home settings (Lunkenheimer et al., 2011), in clinical settings (Lichtwarck-Aschoff et al., 
2012), feeding interactions (van Dijk et al., 2009) and affective components of teacher-
student interactions (Mainhard et al., 2012). These findings point in different directions; 
in affective parent-child interactions, greater variability overall is positively associated to 
long term outcomes (Lunkenheimer et al., 2011) whereas in teacher-classroom 
interactions, variability was negatively associated with learning outcomes (Mainhard et 
al., 2012). Other studies that are focused on specific transitions in different contexts found 
a spike in variability around the transition, followed by a decrease in variability (Siegler & 
Svetina, 2002; Lichtwarck-Asschoff, Hasselman, Cox, Pepler & Granic, 2012; van Dijk, 
Hunnius & van Geert, 2009; Bassano & van Geert, 2007; Chow, Davids, Hristovski, Araújo, 
& Passos, 2011). The exact role of variability seems to depend on both the context of the 
study and the timing of the measurements (see also van Dijk & van Geert, in preparation). 
How does this relate to scaffolding and to our findings? The original definition of 
scaffolding implies constant change towards a higher level; the teacher always stays 
slightly ahead of the student in terms of assignment complexity and offered support; 
when the student reaches a higher level, the teacher assignment level should also 
increase, which would lead to an increase in student level, and so on. Translated to the 
state space of their interaction, this implies a moving attractor state and thus a high 
amount of variability. However, the aspect of consolidation of skills (discussed earlier in 
the Discussion) is not incorporated in the scaffolding concept. In order to truly 
consolidate a basic skill, an assignment should be repeated extensively. In terms of the 
state space, this would mean that there would be a (temporary) attractor where the 
teacher assignment stays at the same level and the student repeats correct performances. 
This attractor would mean that the interaction is less variable (e.g. lower levels of entropy 
and dispersion). In our case, the lower-performing students had lower levels of variability 
in the scaffolding interactions. It might well be that these students need longer periods of 
consolidation of the basic skills. 
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Question 4. Differences between students in trends over time 
Surprisingly, the levels of contingency and dispersion (indicators of intra-individual 
variability in the scaffolding interaction) did not show clear trends over time for the four 
students in the course of the 18 months of the data collection; entropy showed a small, 
non-significant decrease. One of the few studies that has been done on long term changes 
in scaffolding patterns is that of Steenbeek, Janssen and Van Geert (2012). In this study, a 
decrease in quality of scaffolding interactions over time with a student in special 
education was found. It seems that although problematic learning trajectories (such as 
found in special education) can be associated with decrease in scaffolding contingency, 
however, the opposite does not necessarily have to be true (in our case, fairly 
unproblematic learning trajectories are not associated with increases in contingency). 
4.1.2 Directions for future research 
The few studies that have been undertaken on the role of variability in educational 
settings have mixed results which led us to hypothesize that the role of variability in 
learning depends heavily on the context in which it is studied as well as the timing in the 
educational process. This hypothesis has found support in developmental psychology 
research, where variability has been studied most often in relation to developmental 
transitions. One issue that makes research on variability in educational settings harder to 
interpret is the fact that in past developmental studies, researchers have looked at 
developmental processes that have a clear time window in which transitions are likely to 
occur that should be accompanied by higher levels of variability (such as learning to walk 
or eat solid food). Learning in educational settings, such as the context we investigated, is 
often a more continuous process, although also in educational settings we there are 
learning processes with rapid qualitative changes (such as learning to read). Future 
research could zoom in to these educational transitions to increase our understanding of 
the role of variability during these transitions.. In addition, the fact that some learning 
processes require a high degree of consolidation (which can be conceptualized as an 
attractor state and a temporal decrease in variability) might help us to better understand 
the role of intra-individual variability at different points in the learning process. 
 
Above and beyond the fact that scaffolding interactions fluctuate over time and context 
(intra-individual differences), our study provided some support for the hypothesis that 
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inter-individual differences in characteristics such as overall progress also play a role in 
how scaffolding unfolds from moment to moment. Future research could incorporate also 
differences in teacher characteristics, such as the teacher’s concerns (see (Steenbeek & 
van Geert, 2012). 
 
As stated in the Introduction, this explorative study is a first and relevant step in 
describing within-teacher differences in scaffolding patterns with different process 
measures. These process measures allowed us to look at scaffolding in a different way: 
not only did we analyze the one-step scaffolding sequences, but also measures of longer 
scaffolding patterns within lessons. With these process measures, we could distinguish 
between different teacher-student dyads. Another point is that we measured scaffolding 
solely in terms of how the teacher adjusts the complexity of the assignment to the 
concurrent performance level of the student. Another way of scaffolding might be to keep 
the level of the assignment stable but instead varying the levels of support during the 
execution of the task (by giving hints, feedback etc.). Future studies can investigate how 
these two aspects of scaffolding relate to one another.  
 
Overall, this study made a contribution on a rarely studied topic: within-teacher 
differences in scaffolding. It shows a) how we can capture important aspects of the 
temporal structure of the teacher-student interaction over time and b) how the student’s 
overall progress can be an important factor contributing to the differences between 
scaffolding interactions of the same teacher with different students. Of course, next to 
differences between students, future studies can also look at differences between 
teachers in these aspects. If teachers become aware of their different styles of scaffolding 
with different students, this might help them in adjusting maladaptive scaffolding 
patterns with certain students which can lead to disadvantageous learning outcomes. 
Next to this applied relevance, the study is also relevant in a more fundamental way. 
Although research on scaffolding contingency has looked at scaffolding dynamics through 
teacher’s immediate reactions to student’s answers or performances (see for instance 
Steenbeek et al., 2012; Van de Pol, Volman, & Beishuizen, 2009), this study adds an 
interesting perspective by looking at longer interaction patterns, which allows us to look 
at intra-individual variability. Our study showed that these measures of variability can 
indeed distinguish between interactions with students with different overall 
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characteristics, and therefore can provide valuable information on how scaffolding works. 
Considering the growing literature on variability in other developmental domains, more 
research is needed to find out how variability plays a role in learning in general and 




Chapter 5  
A MIXED METHODS APPROACH TO STUDYING CO-REGULATION 
OF STUDENT AUTONOMY THROUGH TEACHER-STUDENT 
INTERACTIONS IN MUSIC LESSONS 
Published as: Kupers, E., van Dijk, M., van Geert, & McPherson, G. (in press). A mixed 
methods approach to studying co-regulation of student autonomy through teacher-
student interactions in music lessons. Psychology of Music. 
Abstract 
Interactions that occur between teacher and student during instrumental music 
lessons are complex and multifaceted, and embrace a full range of promotive and 
demotive factors that not only underpin effective learning but also have an impact on 
whether children will persist with their learning long-term (McPherson, Davidson & 
Faulkner, 2012). Such interactions also provide the context in which students gain a 
sense of personal control and autonomy over their learning (Evans, McPherson & 
Davidson, 2012). In this article, we present new ways of conceptualizing autonomy by 
taking the teacher-student interaction as a unit of analysis to examine the processes 
of co-regulation of student autonomy. In Study 1, we performed an in-depth 
qualitative analysis of four teacher – student dyads in individual string lessons. We 
found large differences between these dyads in the way autonomy is co-regulated 
from moment to moment. These differences are theorized to be in part connected to 
the general need for autonomy of the student. In addition, we found that teachers 
have different ways of dealing with students’ expressions of autonomy in lessons. In 
Study 2, we tested whether large moment-to-moment differences between the 
teacher’s and student’s levels of autonomy (‘out-of-synch’ moments) contributed to 
macro-level student outcomes. Here, we found a positive relation between the amount 




By providing a chance to express themselves and to engage in meaningful relationships 
with others, learning to play a musical instrument has the potential to be a highly 
satisfying, enriching experience for children. But too often music lessons are viewed by 
children as highly frustrating, stressful, or boring (Renwick & Reeve, 2012; McPherson & 
Davidson, 2002). Research shows that the ways in which children experience their music 
lessons are highly relevant in predicting which students persist with their learning and 
which drop out (McPherson et al., 2012). This line of research stresses the importance for 
(music) students to gain a sense of personal control over their learning and the critical 
role of autonomy in music learning. In this article, we present new ways of 
conceptualizing autonomy by taking the teacher-student interaction as a unit of analysis 
to examine the processes of co-regulation of student autonomy. Thereby, we aim to enrich 
our understanding of how student autonomy is co-constructed between teacher and 
student, and how qualities of these interactions contribute to long-term development of 
student autonomy. 
5.1.1 Theoretical background 
Autonomy and self-determination theory 
Self-determination theory is a macro-theory of human motivation and development (Deci 
& Ryan, 2008; Deci, Vallerand, Pelletier & Ryan, 1991), which discriminates between 
different forms of motivation. More specifically, it distinguishes between intrinsic or self-
determined motivation and extrinsic motivation. Motivated actions are self-determined 
when they are wholly volitional and endorsed by one’s sense of self (Deci, Eghrarl, 
Patrick, Leone & Rochester, 1994). On the other hand, when behavior is extrinsically 
motivated, it is dependent on controlling influences from the environment (such as when 
a student can be extrinsically motivated to practice because his parents promised a 
reward). Intrinsic and extrinsic motivation are not distinct categories, but rather 
opposites on a continuum. Although intrinsic motivation is usually seen as the optimal 
form of motivation, it has also been argued that intrinsic and extrinsic motivation can co-
exist within the same individual and can both contribute to successful outcomes (for 
instance, when a violinist practices because she intrinsically loves playing, but also 
because she wants to win an important competition (extrinsic)) (Gagné, 2010). 
A key point in self-determination theory is that all humans have three basic psychological 
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needs that are central to development: 
1. Competence: feelings of competence involve the belief that one is able to reach 
certain goals.  
2. Relatedness: the need to engage in meaningful relationships with other people.  
3. Autonomy: being self-initiating and self-regulating of one’s own actions (Deci et 
al., 1991).  
Self-determination theory asserts that when these three needs are met, an individual is 
optimally motivated to intrinsically engage in learning. The needs for competence, 
relatedness and autonomy should not be seen independently, but as operating in relation 
to each other. For example, the competent completion of a task only results in increased 
intrinsic motivation when the actions needed to complete the task originated from the self 
(thus being connected to a sense of autonomy). When a goal is accomplished under 
circumstances of external control, it is unlikely to be as intrinsically satisfying (Ryan, Deci 
& Grolnick, 1995). 
 
The concept of autonomy is a crucial factor in any form of learning, and has therefore 
become a key issue in developmental and educational psychology (Ryan, Deci & Grolnick, 
1995). A core characteristic of human beings, from birth onwards, is that they are pro-
active learners who are characterized by a desire to initiate autonomously in activities 
that provide novelty and challenge. Therefore, developmental theorists consider the 
movement towards greater autonomy and self-initiation to be the hallmark of healthy 
development (Ryan et al., 1995).  
5.1.2 Application in (music) educational settings 
In the fields of (music) educational research, much attention has been devoted to 
identifying factors that either promote or hinder students’ intrinsic motivation. In terms 
of psychological needs, students reported a higher level of fulfillment of the needs for 
autonomy, relatedness and competence when they were highly engaged in music 
learning, compared to when they decided to cease playing (Evans, McPherson & Davidson, 
2012). Anguiano (2006) examined the relationship between music teachers’ autonomy 
support and students’ autonomy and motivation. He found that the student’s perception 
of the teacher’s autonomy support (for instance, a child might think “My band director 
tries to understand how I see the situation before suggesting how to deal with it”) 
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contributes to the students’ perception of their own autonomy, which in turn is positively 
related to their level of motivation. In these ways, autonomy-supportive teaching shows 
similarities to what is called an ‘authoritative leadership’ style of teaching (Dinham, 2007; 
McPherson, Davidson & Faulkner, 2012) in which the teacher shows high responsiveness 
to the needs of the student, combined with high demands. This can be contrasted with an 
authoritarian leadership style, which is characterized by equally high demands but low 
levels of responsiveness to the learner’s personal needs (McPherson et al., 2012) 
 
In general educational settings, meta-analyses by Reeve (2009) and Stroet, Opdenakker, 
and Minnaert (2013) revealed that an autonomy-supportive style of teaching is positively 
related to many different student outcomes, ranging from intrinsic motivation to task 
performance and psychological well-being. In addition, teacher’s autonomy support has 
been linked by several researchers to an increased sense of autonomy of the student 
(Reeve, Nix & Hamm, 2003; Reeve & Jang, 2006) as well as to more autonomous behavior 
(Plimpton & DeCharms, 1976). 
5.1.3 Autonomy as a dynamic, socially constructed concept 
Although previous research has contributed to our understanding of what the effects of 
teacher’s autonomy support are on a group level, much less is known about how student 
autonomy is co-regulated moment to moment within the music lesson itself (Kupers, Van 
Dijk & Van Geert, in press). A growing movement in developmental and educational 
psychology (Steenbeek & Van Geert, 2012; Sameroff, 2009; Turner & Patrick, 2008) as 
well as in music education (McPherson et al., 2012, p.106; Rostvall & West, 2003) sees 
learning as a complex, deeply socially embedded process in which student and teacher 
mutually influence each other. Accordingly, student autonomy is not seen as an individual 
attribute, but rather as a continuously negotiated process in the student – teacher 
relationship (Meyer & Turner, 2002). In this study, we take the student-teacher 
interaction as our unit of analysis to deepen our understanding of exactly how this 
negotiation unfolds from moment to moment (in ‘real time’).  
 
One way to study dyadic interactions is to examine dyadic synchrony. Fogel (1993) 
describes synchronous or co-regulated interaction as “matching action that is partly the 
partner’s and partly your own action reflected back to you”. Within this conception, 
synchrony involves dynamic adaptation on the part of both partners. Synchrony is not an 
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all-or-nothing state; in real time, the dyadic interaction can either be described as moving 
towards synchrony or away from it (Harrist & Waugh, 2002). Dyadic synchrony has been 
studied mostly in parent-child interactions, especially in infancy to early childhood, 
although the concept could also be applied in dyads with older children (Harrist & Waugh, 
2002). Dyadic synchrony has been found to play an important role in secure attachment, 
early self-regulation and autonomy development and development of social skills (e.g.  
Lindsey, Cremeens, Colwell & Caldera, 2009; Harrist & Waugh, 2002; Lindsey, Mize & 
Pettit, 1997). The purpose of this paper is to conceptualize dyadic synchrony in terms of 
autonomy in the real- time interaction between music teacher and student. 
5.1.4. Measuring autonomy in real-time 
Several authors have sought to extract teacher’s autonomy-supportive or controlling style 
from observable behavior (Renwick & Reeve, 2012.; Reeve & Jang, 2006). Results show 
that autonomy-supportive teachers: 
a) tap into students’ inner motivational resources whereas controlling teachers 
rely on extrinsic motivation such as giving deadlines or requesting compliance. 
b) provide a rationale for the assignments they give by explaining why something 
is important (in contrast to controlling teachers who usually do not provide this 
kind of information). 
c) use informational language and ask students to take responsibility for their 
learning (in contrast to controlling teachers who use more directive, pressuring 
language such as ‘You should do this’). 
d) are patient by giving their students a chance to self-pace their learning (in 
contrast to controlling teachers, who are typically less patient and more inclined 
to take over aspects of the task, by using such language as ‘Here, let me show 
you’). 
e) acknowledge and accept student’s expressions of resistance and negative 
emotions (compared to how controlling teachers try to change the student’s 
behavior).  
These behavioral clusters suggest that being either autonomy-supportive, or controlling, 
is a relatively fixed teacher characteristic. Departing from the assumption that autonomy 
is co-constructed in social interaction it is more likely that teachers vary in their levels of 
autonomy support over time such that the same teacher can be autonomy-supportive in 
one moment, and more controlling in the next, depending on the circumstances.  
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In comparison to teacher’s autonomy support, student autonomy has been far less 
extracted from observable behaviors in real-time. In literature on parent-child interaction 
(usually focused on adolescents), behavioral indexes of child autonomy include: being 
able to express and assert one’s own ideas, expressing independence of thought and self-
determination in social interaction, and self-confidence in defending one’s ideas 
(Lichtwarck-Aschoff, Kunnen & Van Geert, 2010).  
 
Plimpton and deCharms (1976) distinguished between students who displayed high 
personal agency in their behavior (characterized by commitment to the task, 
concentration, creativity and frequent interaction with better students and the teacher) to 
students who displayed lower levels of personal agency (characterized by submissive 
behavior, strict obedience to authority and helplessness). As such, this construct is closely 
connected to the concept of engagement which is described much more in terms of 
observable behavior (Reeve, Jang, Carrell, Jeon & Barch, 2004). Students who display 
focused attention and effort, who participate verbally in classroom discussions and 
persist in the face of struggle and failure are considered to be engaged. Displays of student 
agency or autonomy however, may not always be in line with what the teacher is asking of 
the student. Rainio (2008) distinguishes between student agency through active 
participation and transformation of classroom activities (in line with the definitions of 
Plimpton and deCharms (1976), and Reeve et al. (2004)), and student agency through 
resistance.  
5.1.5 Using mixed methods to study autonomy 
In recent decades, an increasing number of scientists in social science have combined 
quantitative and qualitative research methods to answer their research questions 
(Bryman, Becker & Sempik, 2008). If a combination is made which is relevant for the 
research question at hand, an advantage of mixing methods is that quantitative and 
qualitative analyses both provide unique information, which can provide a more complete 
picture of the given problem. Important conditions for using mixed methods in a 
meaningful way are, first, pointing out the relevance of mixed methods to the research 
question(s); second, transparency about the (quantitative and qualitative) methods that 
are used (see also Odena, 2012); third, a strong integration of the research findings, and 




In the methodological literature, a distinction is often made between large scale (often 
survey) data which is analyzed using multivariate techniques (quantitative) and rich, 
thick (often observational) data which is collected through prolonged engagement 
(qualitative) (Onwuegbuzie & Leech, 2005). In other words, quantitative data is generally 
used for measuring outcomes at the group level, while qualitative data is thought to be 
more useful for revealing something about the underlying processes The current mixed-
method study takes a different approach. Both our qualitative and our quantitative 
analyses aim to assess the process of autonomy co-regulation. The relevance of mixed 
methods for our study lies in offering different perspectives on the same (observational) 
data.  
5.1.6 Research questions 
In this paper, we aim to address the co-regulation of student autonomy on two levels. 
Study 1 focused on the processes of autonomy co-regulation at the micro-level; that is, on 
the timescale of real-time actions and reactions within the music lesson. Our first research 
question is: In which ways is student autonomy co-regulated through teacher-student 
transactions? We aimed to answer this question by providing an in-depth, qualitative 
analysis of four case studies. 
 
Study 2 deals with the connection between the micro-level and the macro- or aggregated 
level of development. We wanted to investigate the relation between autonomy co-
regulation on the micro-level, and development on the macro level. Therefore, our second 
research question is: To what extent are different levels of real-time dyadic synchrony 
associated with long-term student outcomes? 
5.2 General Method 
5.2.1 Research participants 
Four violin and four cello teachers and 38 of their beginning students (four to seven 
students per teacher) participated in this study. The teachers had between 15 and 46 
years of teaching experience. Six teachers were teaching from home or a private music 
studio, one teacher worked in a public music school and one teacher worked both in a 
private and a public music school. All teachers used the Suzuki method (an internationally 
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recognized method of instrumental teaching which allows children to start learning an 
instrument from a young age, with emphasis on memory training, learning to play before 
learning to read sheet music and learning through repetition (Suzuki, 1969). At the start 
of the observations, the students were between 3 years and 11 months and 11 years and 1 
month old. All subjects had been taking music lessons for less than 18 months. Our sample 
came from middle to higher socio-economic backgrounds and lived in different parts of 
the Netherlands.  
 
The teachers were first recruited through a national network of Suzuki teachers, after 
which the teachers selected the student participants from their beginning students. The 
teachers selected the students based on how long they were enrolled in music lessons, 
and on the criterion of whether the parents approved their child’s participation in the 
study. The teachers and parents gave informed consent before the start of the study with 
these procedures being approved by the Ethical Committee Psychology of the University 
of Groningen. 
5.2.2 Procedure 
The data of the current studies (that were part of a larger longitudinal study) consisted of 
three repeated measurements, spaced across three month intervals. During each wave of 
data collection, the researcher or the music teachers themselves made video recordings of 
an individual music lesson for each of the students who participated. This resulted in a 
total of 105 lesson recordings. The teachers and students were asked to carry out their 
lesson as they normally would. At the end of the study, the teachers participated in a 
semi-structured interview where they (among other questions) rated the students’ need 
for autonomy (we asked ‘Do you have the impression that this student often takes 
initiative during the lesson?’) on a five-point Likert scale, ranging from ‘not at all’ to ‘very 
often’. See Appendix 1 for the interview protocol. 
 
The duration of the lesson differed (usually according to the age of the student) from 15 
to 30 minutes. The first ten minutes of every lesson were coded. We selected only the first 
ten minutes because the coding procedure was very time-intensive. Ten minutes (which 
amounts to 200 – 300 coded utterances per session) gave us a representative image of the 
teacher-student interaction during a lesson, while still being able to include enough 
participants. For the coding of the lesson videos, we used The Observer (Noldus, 2012, 
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version 10.5), which is a widely used program for coding observational data. It allowed us 
to code the video using a pre-defined coding scheme. The video recordings were coded by 
the first author. Interobserver reliability was assessed by comparing the codes of the first 
author with three independent, trained observers. Eighteen videos (17 % of all 
recordings) were double coded for the main categories of teacher and student autonomy 
levels, and 10 (9.5 %) videos for the subcategories of teacher autonomy support. This 
resulted in a Cohen’s Kappa of .96 for the variable Teacher autonomy support (between 
86 and 99% agreement per video), Cohen’s Kappa of .79 for the sub categories of Teacher 
Autonomy support (72 – 89 % agreement), Cohen’s Kappa of .84 for the variable Student 
autonomy Expression (64 – 100 % agreement) and Cohen’s Kappa of .93 for Student On/ 
Off task (79 – 100 % agreement). 
 
Throughout the data collection, the parents and student completed practice diaries (short 
questionnaires about practice habits and motivation) every three months.  
5.2.3 Measurements 
Table 5.1. Overview of variables and measurement levels 
 
Teacher autonomy support was coded for every verbal utterance of the teacher, on a scale 
from -1 to 1. This scale was based on the literature on behavioral indices of teacher 
autonomy support (Reeve & Jang, 2006; Renwick & Reeve, 2012). First, we coded the 
content of the instructions on autonomy support (either negative (-1), neutral (0) or 
positive (1)). The content of the instruction can explicitly refer to the student’s sense of 
autonomy either positively or negatively. For instance, when the teacher asked the 
Variable Measurement level Instrument 
Teacher autonomy support Micro Coded video-observations 
Student autonomy expression Micro Coded video-observations 
Motivation (Teacher) Macro Semi-structured teacher 
interview (see Appendix I) 
Autonomy Macro Semi-structured teacher 
interview (see Appendix I) 
Progress Macro Semi-structured teacher 
interview (see Appendix I) 
Motivation (Parent) Macro Parent questionnaire 
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student to make a relevant choice or reacted positively to the student’s initiative, this 
would be coded as a value of 1. If, however, the teacher responded negatively to the 
student’s initiative, or emphasized that the student needed extra help, this would receive 
a code of -1. All neutral utterances (value 0) were then recoded to values of -.6, -.2, .2 or .6. 
(see Figure 5.1). This scale was based on the autonomy-supportive versus controlling 
teacher behaviors listed by Reeve and Jang (2004). In general, the recodings were based 
on how much room the teacher utterances allowed for student initiative. Directive 
instructions (e.g. ‘Do this’) left little room for student initiative, while questions and 
emotional scaffolding such as ‘I understand this is hard for you’ were more focused on the 
student’s point of view and therefore left more room for the student to respond. 
 
Figure 5.1. Scale of teacher autonomy support, ranging from autonomy diminishing to autonomy 
supportive. 
Student autonomy was measured for every verbal utterance of the student. Student 
autonomy was coded as value 1 when the student was taking initiative, 0 when the verbal 
utterance was not a clear initiative (for instance, when the student answered a question) 
and -1 when the student did not answer the previous question of the teacher. For the 
student’s utterances, the codes 0 were not recoded. See further Appendix III for the 
complete coding scheme. 
Macro-level outcomes were obtained from the teacher exit interviews and the last parent 
practice diaries. Motivation (Teacher), Autonomy and Progress were assessed by the 
teacher for every student on a five-point scale during the interview (see Appendix 1). 
Motivation (Parent) was an aggregated score over several questions concerning the 
students’ practice habits (the amount of time that was devoted to practice during the past 




5.3 Study 1  
5.3.1 Method 
Research participants 
Participants in this study were a violin and a cello teacher, together with four of their 
beginning students (two students per teacher). The two teachers were randomly selected 
from the eight teachers in our dataset. The students were between 4 and a half years old 
and 8 years and 1 month old at the time of the video recording and had followed between 
6 and 12 months of music lesson with the same teacher. The students were selected from 
the larger dataset (as described earlier) on the basis of their overall need for autonomy, as 
assessed by their teacher on a 5-point scale (two students with different levels of 
autonomy were selected per teachers, in order to compare how the same teacher 
interacted with students with different levels of need for autonomy). One student had a 
high need for autonomy (score of 5), one average (3), and two low (1). See Table 5.2 for 
an overview of the student characteristics. 
Table 5.2. Student characteristics of the four cases of study 1. 
Measurements 
We added an extra dimension to the coding of student autonomy - Is the student, at any 
point in time, moving towards the task at hand or away from it? - in order to be able to 
distinguish between the direction of the student’s verbal behavior. This resulted in two 
dimensions for coding the verbal behaviors of each student. The first dimension 
comprised a measure of high versus low autonomy; the second dimension was 
categorized as negatively versus positively engaged. The combination of these two 
dimensions resulted in four quadrants of student autonomy expression (see Figure 5.2). 
Student Age Instrument Months of lessons 
at time of 
recording 
Autonomy score 
Miriam 4;5 Violin 9 3 
Maria  5;4 Violin 12 1 
Patrick 5;10 Cello 6 5 




Figure 5.2. Four quadrants of student autonomy. 
1. Autonomous engagement (high autonomy and positively engaged). The student 
was taking on-task initiative, by asking questions or making relevant on-task 
remarks. 
2. Resistance (high autonomy and negatively engaged). The student was actively 
resisting the task, by saying, for example, ‘I don’t want to do this’, or by making 
off-task remarks such as ‘I’m going to the playground later’. 
3. Mimicry (low autonomy and positively engaged). The student was ‘going with the 
flow’, doing what was expected by the teacher and without taking any personal 
initiative. 
4. Absence (low autonomy and negatively engaged). The student was not engaged 
with the task, responding verbally as expected (not answering teacher questions), 
but was also not actively resisting it.  
Analyses 
For each of the four coded lessons, the student states of autonomy expression were 
plotted as time series combined with the teacher level of autonomy support. The student 
was deemed to be in a state of Mimicry when the level of autonomy expression was 0, and 
in a state of Absence when the level of autonomy expression was -1. Because a level of 1 
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can indicate both Autonomous engagement and Resistance, these states were marked 
with different lines in the time series. 
 
The time series of the autonomy expressions were inspected visually. We looked for a) 
moments where the teacher student interaction seemed to change such as when a student 
switched from expressing resistance to expressing autonomous engagement, and b) 
moments that seemed typical for the interaction of this teacher-student dyad such as 
patterns that were common in the time series of that dyad. We transcribed these 
fragments and employed qualitative, thematic analysis on these transcriptions. Thematic 
analysis is a widely used qualitative method in social sciences for identifying, analyzing 
and reporting patterns in a dataset (Braun & Clarke, 2006). We employed theoretical 
(deductive) thematic analysis; our descriptions of the data were specifically focused on 
finding patterns associated with co-regulation of autonomy within the interaction. The 
data was first coded and described thematically by the first author; this description was 
discussed and further interpreted together with the fourth author. After the analysis was 
reported, the interpretations were reviewed by the second author.  
5.3.2 Results 





Figure 5.3. Case Miriam: Time series of student autonomy expressions and teacher levels of autonomy 




Figure 5.3 displays Miriam’s states of autonomy and the teacher’s levels of autonomy 
support over time as a means of distinguishing certain patterns in this interaction. 
Miriam’s teacher had overall a relatively low level of autonomy support. One thing that 
stands out is that Miriam’s states of high autonomy (both autonomously engaged and 
resistant) are often preceded by a higher level of autonomy support of the teacher. Also, 
the first two instances of resistance were preceded by an interval of fast-paced, autonomy 
diminishing utterances (e.g. directive instructions) by the teacher. For Miriam, this 
indicates that high levels of autonomy support triggered engagement, whereas low 
autonomy support triggered resistance. 
Qualitative analysis of lesson fragments 
Table 5.3: Transcript and comments on fragment 1 from Miriam’s lesson. 
Transcript  Comments 
Teacher showed a picture of a child playing the violin 
with imaginary strings from the top of her head, wrists 
etc. to illustrate good posture. While playing, Miriam 
tends to tilt her head to the side.  
 
T: That’s really difficult to keep thinking about the 
string, right? That’s really difficult for you.  
The teacher acknowledges that the student is 
struggling (Emotional scaffolding). 
S: Let’s do without the string. (Resistant) 
 
The student resists trying it again, she tries to 
persuade the teacher to make the assignment easier. 
T: No, we do it with the string.  
T: Otherwise you’ll be playing the violin like this 
(demonstrates with head tilted), that’s not good. T: No, 
it’s better like this. With your head up straight 
(demonstrates)!  
The teacher responds negatively to the student’s 
initiative (probably because the student is trying to 
neglect an essential part of technique). However, 
after that she provides a rationale of why it is 
necessary to keep your head up straight while 
playing. 
S: That’s a bit skewed. (Engaged). 
T: This is very skewed (demonstrates). This is nice up 
straight! (demonstrates).  
S: That’s still a bit skewed. Like this (stands up very 
still and straight). (Engaged). 
T: That’s nice up straight. Well done.  
Following the rationale of the teacher, the student 
switches from verbally expressing resistance to 
expressing autonomous engagement. She takes 
initiative by demonstrating that she knows how to 
keep her head up straight.  
T: Try it again. On the scale . 
S: So not like this (demonstrates very skewed) and 
not like this (demonstrates a bit skewed). (Engaged). 
T: Not like that, no... . 
S: Not like that (Neutral). 
The teacher instructs M. to try the same assignment 
again. Although she is not immediately following the 






Table 5.4. Transcript and comments of Fragment 2 of Miriam’s lesson. 
Table 5.5. Transcript and comments of the third fragment of Miriam’s lesson. 
 
Transcript Comments 
Student attempts to play a scale, while 
teacher repeatedly instructs her to keep 
standing up straight. 
T: Remember your head .  
T: Keep standing up straight. 
(Student stops playing without finishing the 
scale). 
T: Now you’re suddenly a bit confused.  
 
 
The student is struggling with the 
assignment, after which she gives up before 
finishing it. The teacher responds by giving 
negative feedback. 
T: Try again.  
T: You can do it. 
S: No. (Resistance) 
 
The teacher urges M. to try again. However, 
she doesn’t explain what she did wrong or 
how she can improve. This, together with 
the previous experience of failure, might 
contribute to the following resistance of the 
student. 
T: You’re very good at putting your fingers 
in place. 
(Student retakes the bow and reaches for the 
violin). 
The teacher emphasizes the part of the skill 
that M. already masters. This probably 
encourages M. to give up resistance and 
doing what the teacher wants of her. 
Transcript Comments 
Student attempts to play a scale. teacher repeatedly 
instructs her to keep standing up straight. When 
student doesn’t improve her posture, teacher 
slightly tickles her head/ pulls her ear to get her 
head back in the right position. 
T: How’s your head. (tickles M’s head) 
T: Come here with your head (slightly pulls M’s 
hair) 
T: Come here with your head (supports M.’s left 
arm and pulls her ear a bit). 
S: Tsss. (looks annoyed, stops playing and moves 





While the student is playing, the 
teacher is repeatedly giving directive 
instructions and physical 
instructions (touching her head, 
pulling her hair/ ear). The student 








T: Come here with your head.  
T: Your head is very skewed now  
T: And then when I pull your hair a bit 
you’re still not keeping it straight.  
(Student puts violin on the floor and moves 
further away) 
S: Uh-oh... (Neutral) 
T: Uh-oh.  
(pause) 
T: Let’s see when I do the bow and you do 
the fingers, whether your head will stay up 
straight.  
(Student lays down on the floor) 
T: Come here, we’ll try. (picks up the violin)  
T: Come here.  
(Student stands up and reaches for the 
violin) 
After the student’s resistance, the teacher 
first tries to pick up the lesson as if nothing 
happened (by repeating the last instruction). 
When the student moves even further away 
(note that this could also be labeled 
resistance, except it is non-verbal), the 
teacher proposes a variation on the 
assignment. After the student still does not 
respond, the teacher becomes more 
directive, telling her to come back. 
 
 
Conclusions: Miriam  
When comparing the three transcripts, one thing that stands out is the different ways in 
which the teacher responds to Miriam’s resistance. In the first fragment, the teacher 
responded by explaining why it was important to do the assignment her way. The 
assignment itself seemed to be non-negotiable; however, by providing a rationale the 
teacher was able to turn the student’s resistance into autonomous engagement. In the 
second fragment, the teacher told Miriam to try again immediately after she gave up, but 
failed to tell her what she had done wrong or how she could have done better, resulting in 
Miriam resisting to try again. By responding with emotional scaffolding, the teacher was 
able to get Miriam to go along with the task. In the third fragment, the teacher initially did 
not respond to the student’s resistance. Compared to the other two fragments, it took 
longer to get the student engaged in the task again. 
 




2. Case Maria 
  
 
Figure 5.4. Case Maria: Time series of student autonomy states and teacher levels of autonomy support. 
Numbers indicate selected fragments. 
Maria’s teacher displayed overall relatively low levels of autonomy support, comparable 
to her behavior in Miriam’s lesson. The difference, however, is that the fast-paced, 
directive episodes of teacher instruction do not seem to trigger any resistance from Maria, 
whereas this was the case for Miriam. The lesson seemed fairly stable, with Maria 
complying with what the teacher wanted her to do. When Maria displayed negative levels 
of autonomy, this did not seem to be triggered by changes in the teacher’s behavior. 
Neither did the absent episodes seem to cause any subsequent change in the teacher’s 
level of autonomy support. 
Qualitative analysis of lesson fragments 
Table 5.6. Transcript and comments on fragment 1 from Maria’s lesson. 
Transcript Comments 
Assignment: play rhythms on open strings. 
Teacher explains how a relaxed bow hold 







Table 5.6. Transcript and comments on fragment 1 from Maria’s lesson. 
T: I hear these squeaking sounds. Do you 
hear them too?  
S: Yes. (Neutral) 
T: That is because of the thumb.  
T: When the thumb holds the bow very 
tight, it goes a bit kgg kggg. A bit squeaky.  
The teacher asks the student whether they 
are hearing the same thing. Teacher 
explains where the sound comes from, so 
that the student understands why she has to 
change the bow hold. 
T: Teacher ‘molds’ student’s hand in the 
right position. Go and try to bow with your 
thumb very relaxed.  
student starts playing, with less squeaky 
sounds. 
T (while student plays): Good job! Well 
done!  
T (while student plays): Try to aim for the 
right string  
T: Now ‘bim bam’ [rhythm] for bowing nice 
and straight.  
T(while student plays): Try to aim for the 
right string. (interrupts student and puts 
the bow on the right place herself).  
T: There is the a-string.  
T: Now you go. (student starts playing)  
T (while student plays): You’re already on 
the D string (takes student’s hand and puts 
the bow on other string).  
T (while student plays): Do you hear that? 
student doesn’t answer question (Absent) 
T: takes student’s hand and plays on the A-
string. That is the one we want to hear.  
Sequence of the teacher giving directive 
instructions, the student following them up, 
and the teacher providing feedback. The 
teacher is quite directive (also in her 
physical instructions), but the student 
doesn’t seem to mind; she doesn’t resist the 
teacher correcting her. 
 
In the fragment above, as well as throughout the lesson, Maria displayed low levels of 
autonomy, whilst being positively engaged most of the time (e.g., mimicry). The teacher 
was relatively directive, but the student did not show resistance in response to this (as in 
Miriam’s case). Instead, there seemed to be a continuous pattern of the teacher deciding 




3. Case Patrick 
 
Figure 5.5. Case Patrick: Time series of student autonomy states and teacher levels of autonomy support. 
Numbers indicate starting point of selected fragments. 
Patrick’s teacher displayed moderate to high levels of autonomy support throughout this 
lesson. Importantly, and especially in the first half of the lesson, she responded with high 
autonomy support to the student’s expressions of autonomy, both when the student was 
displaying autonomous engagement and when he was displaying resistance. Patrick 
displayed both autonomous engagement and resistance in the first part of the lesson. 
Over time, his resistance decreased and he displayed more frequent episodes of 
autonomous engagement. 
Qualitative analysis of lesson fragments 
What is typical about the patterns in this lesson is that the teacher typically responded to 
Patrick’s initiative by providing high levels of autonomy support, both when he was 
expressing resistance and when he was autonomously engaged. In the first fragment for 
instance, Patrick displayed resistance (by indicating that he did not like the rhythm/ 
“food” that that the teacher proposed). The teacher acknowledges this, after which Patrick 
introduced other suggestions for the exercise (thereby demonstrating autonomous 
engagement). The teacher went along with the suggestions that Patrick provides. The 
fragments illustrate a process in which the student and teacher positively reinforced each 
other in terms of high levels of autonomy (the teacher responding positively to student 
initiative, whether positively or negatively engaged, leading to the student taking more 






Table 5.7. Transcript and comments on fragment 1 from Patrick’s lesson. 
Table 5.8.Transcript and comments on fragment 2 from Patrick’s lesson. 
Transcript Comments 
Teacher explains good cello posture. 
T: And what leg is most important when we 
play the cello? This one (briefly touches 
student’s leg) or that one?  
S: This (points to left leg with bow) (Neutral) 
T: That one, right? (Neutral) 
T: So this one always has to be good. This 
one (points to right leg) you might as well 
take it off. It’s no use to us.  
 
Student goes along with the task and is able 




Teacher makes up rhythms based on types of 
food that the student is supposed to play on 
open strings. 
T: Do you like to eat this? (demonstrates on 
own instrument) Chips-with-may-onaise.  
S: No. (neutral) 
T: No  
T: But you can play it.  
S: But I don’t like [to eat] it. (Resistance) 
T: You don’t like that. Then we can’t play it, 
can we?  
S: Ice-cream! (Autonomously engaged) 
T: Ice-cream, chips with ice-cream?  
S: No, chocolate ice-cream! (Autonomously 
engaged) 
T: Chocolate ice-cream (sings).  
T: Chocolate ice-cream, chocolate ice-cream 
(sings and demonstrates rhythm on own 
instrument, intending student to imitate her).  
Student plays rhythm on own instrument 
The teacher proposes a rhythm, after which 
the student refuses to play it because he 
doesn’t like it. The teacher gives in to this 
initiative, by emphasizing that when 
Patrick doesn’t like the food, he doesn’t 
have to play this rhythm on the cello.  
 
Following the teacher’s autonomy support, 
the student immediately comes up with an 
alternative. The student-teacher interaction 
here is a playful dialogue, which is not 
steered in any direction by the teacher.  
 
The teacher responds to the student’s 
initiative positively, by creating a new 





Table 5.8.Transcript and comments on fragment 2 from Patrick’s lesson. 
Transcript Comments 
Student plays some open strings. Looks 
away. 
T. Yes, ok. (Neutral) 
T: And ehm, mister rugby (referring to his t-
shirt)  
student laughs  
T: Shall we make a real rugby Twinkle?  
S: Noooo. (Resistant) 
T: Why not?  
S: Ice cream! (Resistant) 
T: Ice cream. It’s again...  
S: Strawberry ice cream! (Resistant)  
T: Strawberry ice cream. Delicious.  
T: Then we’re going to play strawberry...  






The teacher relates to the student’s interest 
in rugby to start a new assignment (play 
whole song instead of rhythms on open 
strings). However, the student resists this 
idea. He repeatedly tries to go back to the 
previous task; playing rhythms on ice 
cream flavours. The teacher gives in to his 
resistance and lets him play what he wants. 
Table 5.9. Transcript and comments on fragment 3 from Patrick’s lesson. 
 
Transcript Comments 
Same exercise as above 
 
S: One time I ate straciatella with vanilla and 
cream. (Autonomously engaged) 
T: Sounds yummy man! 
T: Hey, but strawberry ice-cream.  
T: What other flavours do we like?  
S: Chocolate ice-cream (Neutral). 
T: Chocolate ice-cream. Play chocolate ice-cream 
for me on D.  
(student plays rhythm) 
T: Oh, yummy. 
T: I want another [flavour]. So we have chocolate...  
S: I know one! (Autonomously engaged) 
T: Which one?  
(student plays very elaborate rhythm) 
T: laughs That was stra-cia-tel-la-with-vanil-la-
and-cream! I heard it!  
S: laughs With cream..! (Neutral) 
The student takes initiative by sharing a story that 
i related to the topic of the lesson. The teacher 
responds positively, and asks for more input of the 
student, regarding the rhythms they are playing. 
 
After finishing the assignment, the teacher starts 
summing up the flavours that they did already. 
Although she is not explicitly asking the student 
for a new suggestion, he takes initiative by making 
up a new rhythm by himself. The previous, playful 
dialogue in which teacher and student had an 
equal role in shaping the assignment, probably 
contributed to the current initiative (e.g. an 
environment is created in which the student can 
freely express autonomy, and the teacher 
reinforces the student’s initiatives). 
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4. Case Sam 
 
Figure 5.6. Case Sam: Time series of student autonomy states and teacher levels of autonomy support. 
Numbers indicate selected fragments. 
Sam’s teacher displayed relatively high levels of autonomy support throughout the lesson, 
although her levels were not as high as in Patrick’s lesson. His lesson was characterized 
by repeated instances of autonomy support by the teacher, followed by absence of the 
student. There did not appear to be a real change in this pattern throughout the lesson. 
Table 5.10. Transcript and comments on fragment 3 from Sam’s lesson. 
Transcript Comments 
Start of the lesson 
T: What have you prepared for today?  
student doesn’t answer question (Absent) 
T: Because we were at the end of Book 2.  
T: And we even started in Book 3.  
T: That is correct, isn’t it?  
student nods 
T: The lullaby, right?  
student nods 
T: What [piece] do you want to start with today?  
student doesn’t answer question (Absent) 
T: You can choose.  
Long pause. Eventually, student looks at mom and 
says something to her in a very soft voice. Mom puts 
the book in front of him. 
The teacher asks a question, but the student 
doesn’t answer. The teacher is trying to prompt an 
answer, by providing additional information.  
Here, the teacher supports student autonomy by 
letting the student make a relevant choice (by 
letting him choose what song to play). However, 
the student doesn’t respond, and eventually looks 





Table 5.10. Transcript and comments on fragment 3 from Sam’s lesson. 
5.3.3 Discussion 
Our first research question was: In which ways is student autonomy co-regulated through 
teacher-student transactions? After analyzing four case studies of different teacher-
student dyads, we can conclude that there are large differences between the dyads in the 
way autonomy is co-regulated from moment to moment. These differences seem to be in 
part connected to the general need for autonomy of the student. Comparison of the 
students who are, in general, highly autonomous, showed different patterns emerging 
within a lesson compared to dyads with a low autonomy student. In the case of Miriam, 
who had a relatively ‘directive’ teacher, we observed that the teacher was more likely to 
respond negatively to student resistance, and more positively to autonomous 
engagement. In the case of Patrick, however, we detected a distinct difference between 
teacher reactions. In his lesson, the teacher reinforced Patrick’s initiative, whether he was 
displaying resistance or autonomous engagement. This seemed to result in more student 
initiative. 
 
When comparing the cases of Maria and Sam (both students with a low need for 
autonomy) we also observed some differences in within-lesson patterns. In the case of 
Sam, we found a teacher who tried to support student autonomy (by letting the student 
Transcript Comments 
Teacher briefly talks to student’s brother. 
T: Ok. Put your paws [feet] on the floor.  
T: That’s very important.  
T: We’re in Book 3 now, so there are a couple of 
things that are important.  
T: That we always have a good posture. counts on 
fingers  
T: That we always have a good bow hold. counts 
on fingers  
T: Ehm.... and what else?  
student doesn’t answer question (Absent) 
T: What are we supposed to do with the bow? 
[demonstrates]  
student doesn’t answer question (Absent) 
T: We should always...?  
student doesn’t answer question (Absent) 
T: Feel, right?  







The teacher provides information of what to pay 
attention to always when playing a piece. She 
wants the student to also come up with a point, 
but he doesn’t respond to her questions. 
Throughout this fragment, the autonomy support 




choose what to do next, and asking questions), even though the student responded 
negatively (by not answering the questions of the teacher). Although previous studies 
have found that an autonomy-supportive style of teaching results in higher levels of 
student autonomy (Reeve & Jang, 2006; Reeve et al., 2003) this was not supported by our 
data; high levels of teacher autonomy support resulted in more student initiative for 
Patrick, but not for Sam. In the case of Maria, however, the interaction patterns appeared 
more ‘smooth’ because the teacher was not expecting her to be highly autonomous. The 
teacher was clearly in charge, and the student simply went along with the her directions. 
Importantly, besides differences between students, we also found teachers have different 
ways of dealing with students’ autonomous expressions, or lack thereof. 
 
From this first study, it was clear that the patterns on autonomy co-regulation varies 
between different teacher-student dyads. In the second study, we aimed to test 
quantitatively whether differences in moment-to-moment transactions contributed to 
macro-level student outcomes. 
5.4 Study 2 
5.4.1 Method 
Participants 
All four violin and four cello teachers with 38 of their beginning students (four to seven 
students per teacher) participated in this study (see General Method). 
Calculating dyadic synchrony 
The levels of teacher autonomy support and student autonomy were plotted as time 
series and slightly smoothed by calculating the moving average per 5 seconds. We then 
calculated the differences between the moving averages of the student and teacher levels. 
If the difference score was larger than 1 or smaller than -1, we coded this as a moment in 
the lesson where the dyad was out-of-synch in terms of autonomy. For every observation, 
the duration of out-of-synch moments was calculated in seconds. 
Analyses 
An important assumption of most types of statistical analyses (e.g., univariate or 
multivariate regression analyses) is that the research participants are selected 
independently of each other. Because of the nested structure of our dataset (we selected 
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the teachers and then the teachers selected several of their students) this assumption was 
violated. Because of this nested data structure, we chose to perform multilevel analyses, a 
form of statistical modeling that takes into account the hierarchical structure of the data 
(Snijders & Bosker, 1999). We performed the multilevel regression analyses with MLwiN 
software (Rabash, Brown, Healy, Cameron & Charlton, 2005). Because of the limited 
sample size we chose to conduct separate univariate analyses for each dependent 
variable, instead of one multivariate multilevel analysis. Also, because a multilevel model 
does not allow predicting variables at the student level from a variable at the 
observational level (dyadic synchrony), we had to average the three observations per 
dyad (in the case of missing data (n=6) we had to average over one or two observations). 
The dependent variables were centered around their mean, which makes interpretation 
of the results easier. The parent questionnaire had a response rate of 47%; the teacher 
interview had a response rate of 92 % (the teachers rated all students except three 
students who dropped out early in the study). Although multilevel modeling can in 
general handle missing values (Snijders & Bosker, 1999), the few data points that 
remained for the variable Motivation (Parent) can cause problems in building the model. 
More specifically, when multiple parent questionnaires are missing, resulting in only one 
or two data points for this variable per teacher for some teachers, including the teacher 
level in the multilevel model does not make much sense. For this reason we performed 
correlational analyses for the variables that did not have much explained variance at the 
teacher level. 
5.4.2 Results  
Explorative analyses: Relations among dependent variables 
Table 5.11 displays the correlations among the four dependent variables. Three of the six 
correlations were significant. First, and as expected, we observed that motivation as rated 
by the teacher relates to motivation as rated by the parent. Second, there was a 
substantial correlation between Motivation (Teacher) and Progress. Also, there was a 
weaker (but statistically significant) relation between Autonomy (rated by the teacher) 







Table 5.11. Correlations among dependent variables 
* significant at p < .05 
Research question 2: To what extent is dyadic synchrony in levels of autonomy support and 
expression associated with long-term student outcomes? 
We built the univariate multilevel models in three steps. Model 1 only contained the 
student level. Model 2 is a random intercept model, meaning that the intercept of the 
regression lines can vary between teachers. For the dependent variables Motivation 
(Parent) and Autonomy (Teacher), the explained variance of Model 1 and Model 2 did not 
differ, meaning that the added teacher level did not contribute to the prediction of these 
variables from Out-of-Synch. Therefore, we performed correlational analyses on these 
two variables, and estimated random intercept models for the other variables Motivation 
(Teacher) and Progress. As we can see in Table 3 (which provides us with values for the 
parameters in the regression model for both variables, along with the standard error of 
these estimations), Out-of-Synch is a significant predictor of Motivation (Teacher) and 
Progress. For the other variables, no significant correlation was found. However, the 
direction of the effect was the opposite to what we had expected based on our hypotheses 
that there would be a positive relation between the amount of out-of-synch in dyads, and 
the students’ motivation and progress after 18 months. 
Table 5.12. Parameter estimates of the multilevel analysis. 







Motivation Teacher 1    
Motivation Parent .56* 1   
Progress  .53* .18 1  
Autonomy Teacher .17 .37* .14 1 
Dependent variable Parameter estimate Out-of-
Synch 
Standard Error 
Motivation (Teacher) .034* .015 
Progress .034* .016 
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Post hoc analyses: Distinguishing between positive and negative Out-of-Synch 
Until this point, we defined Out-of-Synch as the absolute micro-level difference between 
the teacher’s level of autonomy support and the student’s level of autonomy expression, 
measured in seconds. In order to further investigate how Out-of-Synch predicts increased 
Motivation (Teacher) and Progress, we distinguished between positive and negative Out-
of-Synch. Positive Out-of-Synch refers to moments where the level of teacher autonomy 
support is much higher than the concurrent level of student autonomy expression; 
negative Out-of-Synch meant that the teacher’s level was much lower than the student’s 
level.  
 
Figures 5.7.a and 5.7.b display the relation between respectively positive and negative 
Out-of-Synch on the one hand and Motivation (Teacher) on the other hand. From the 
graphs, it is apparent that the relation that we observed between total Out-of-Synch and 
Motivation (Teacher) disappeared when we distinguished between positive and negative 
Out-of-Synch. Furthermore, both relations were asymmetrical (lower values of motivation 
coincide with lower levels of Negative or Positive Out-of-Synch, while higher values of 
Motivation can occur with both high and low values of Out-of-Synch). This could be 
should be interpreted with caution, however, because lower values of Motivation were in 
general much rarer than higher values. 
 
Figure 5.7.a and 5.7.b. Relation between resp. positive and negative Out-of-Synch and Motivation 
(Teacher). 
Second, we displayed the relation between positive and negative Out-of-Synch, and 
Progress in Figures 5.8.a and 5.8.b. Here, we see that the relation between positive Out-of-
Synch and Progress is much stronger than the (negative) relation between negative Out-
of-Synch and Progress (respectively R² = .22 and R² = .01), meaning that the overall 
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positive relation between out-of-synch and progress stemmed mainly from the positive 
out-of-synch. 
 
Figure 5.8.a and 5.8.b. Relation between resp. positive and negative Out-of-Synch and Progress (Teacher). 
5.4.3 Discussion 
Our second research question focused on whether dyadic synchrony in teacher’s level of 
autonomy support and student’s level of autonomy expression from moment to moment 
within the lessons was related to student outcomes on the macro level. Because the need 
for autonomy is central in children’s healthy development, and because dyadic synchrony 
has proven to be an important indicator of the quality of interaction between parents and 
(young) children, we expected dyadic synchrony in autonomy levels to be positively 
related with long term student outcomes, as motivation, progress and overall need for 
autonomy, which was based on previous literature on this topic (Reeve, 2009; Stroet, 
Opdenakker & Minnaert, 2013) (although this hypothesis is less supported by research 
using observational measures of teacher autonomy support; see Stroet et al.(2013) for an 
overview). The picture that arose from our data was different. For two macro-level 
variables (motivation rated by the parent and general need for autonomy rated by the 
teacher), there was no relation with dyadic synchrony. The lack of relation between the 
students’ general need for autonomy and the micro level dyadic synchrony between 
teacher and student levels of autonomy, did tell us that the dyadic synchrony measure 
provided information on autonomy development that would have been overlooked if we 
only used the students’ level of autonomy, as is generally evident in previous studies (e.g., 
high student autonomy does not equal high dyadic synchrony). Dyadic synchrony was 
able to predict motivation (measured by the teacher) and progress after 18 months. 
However, the direction of the effect was opposite to what we had expected based on our 
hypotheses: there was actually a positive relation between Out-of-Synch and the students’ 
 113 
 
motivation and progress after 18 months. For motivation, this effect disappeared when 
we distinguished between positive and negative out-of-synch moments. For Progress, the 
effect was particularly strong for the positive out-of-synch (moments where the teacher’s 
level of autonomy support was much higher than the student’s concurrent level of 
autonomy expression). We interpreted this to mean that students who were considered 
‘talented’ by their teachers were stimulated more, relative to the student’s concurrent 
level of expressed autonomy, to increase their autonomous expression, as compared to 
students whose progress below average. 
5.5 General Discussion 
5.5.1 Discussion of the results 
Our literature review shows that the need for autonomy is central in children’s healthy 
development. The social context plays an important role in this development. Several 
studies that have been conducted in music lessons (e.g. Anguiano, 2006), but also in other 
educational contexts (Reeve, 2009; Stroet et al., 2013). However, this hypothesis suggests 
that on average, teacher’s autonomy support is associated with positive learning 
outcomes. We took a different approach by not taking the average level of teacher 
autonomy support and student autonomous expressions, but instead their micro-level 
transactions, as a unit of analysis. Also, we did not measure teacher autonomy support in 
a dichotomous way (autonomy-supportive versus controlling) but on a continuous scale. 
 
The picture that arose from our data was quite different from that of a linear, positive 
relationship between autonomy support and students’ autonomy expression that is 
predominant in the literature. On a micro-level, detected that there is a bidirectional 
influence between teacher and student. On the one hand, the teacher can stimulate the 
student to behave more autonomous, but on the other hand, some students may elicit 
more autonomy support from their teachers. From the qualitative case studies, we saw 
large differences between the dyadic transactions of students with a higher overall need 
for autonomy, compared to students with a low need for autonomy. Instead of the teacher 
being the ‘locus of control’ in terms of autonomy support, we observed that autonomy is 




In some moments the autonomy support autonomy expression levels of the teacher and 
student were well synchronized, whereas in other moments there were large differences. 
The second study led to the question of what exactly the function is of dyadic synchrony 
in autonomy levels in learning to play an instrument. The literature that mainly deals with 
synchrony in parent-infant interactions (e.g. Harrist & Waugh, 2002) suggests that more 
adaptation or synchrony is related to healthy developmental outcomes. Our results 
suggest something much more complex, with dyadic synchrony taking on a different 
function in teacher-student interactions. When learning to play a musical instrument, 
which is a complex task, the joint effort of the teacher and student is to push the 
boundaries of the zone of proximal development (Vygotsky, 1978). The friction of an out-
of-synch transaction (for instance, one in which the teacher offers autonomy support at a 
much higher level than the student’s current level of autonomy) might well be necessary 
to maintain momentum in the learning process. In this sense, it might make sense that the 
relation between positive out-of-synch and progress is the main contributor to the overall 
relation. However, the relation between motivation and Out-of-Synch could not be 
attributed to the positive Out-of-Synch and therefore needs further investigation. It 
should be noted also that the maximum length of out-of-synch moments in the observed 
lesson was still quite low (44 out of 600 seconds). One would expect that when the 
teacher-student dyad becomes locked in a pattern with much higher levels of out-of-synch 
that this might result in negative learning outcomes. Research that examines dyads with 
higher levels of out-of-synch situations is therefore needed in order to more fully examine 
the issues examined in this research study. 
5.5.2 Limitations and implications for future research and practice 
This mixed method study on the here-and-now of autonomy co-regulation in music 
lessons offers and interesting additions to questionnaire studies on autonomy 
development in the music literature (e.g. Anguiano, 2006; Evans, McPherson & Davidson, 
2012). As stated before, we took a different approach from previous studies by measuring 
teacher autonomy support on a scale instead of dichotomous categories (either 
autonomy-supportive or controlling). We did this in order to be able to assess more subtle 
difference in the extent to which teacher utterances are autonomy-supportive. However, 
the values that are assigned to the behaviors on the scale are somewhat arbitrary. This 
way to measure teacher autonomy support (and therefore also Out-of-Synch) must be 




The sample of our study consisted only of teachers who were certified Suzuki teachers, 
and violin and cello students. The choice for this particular method was made because it is 
an internationally widely used method of teaching musical instruments to young children. 
We wanted all teachers to be comparable in this way because we were interested in the 
personal differences in teacher-student interaction, and we wanted to rule out the effects 
of different teaching methods. Future studies could include teachers who use different 
methods and students with different musical instruments. 
 
For music educational practice, this study has several implications. First, it shows 
examples of strategies teachers can use to foster students’ autonomy/ However, it also 
shows that there is no ‘one size fits all’ approach to autonomy development; what works 
for a student with a high need for autonomy does not necessarily work for a student with 
a lower need for autonomy. Second, the study shows possible functions of moment-to-
moment synchrony in teacher-student interactions. We showed that friction in the 
interaction is not necessarily something to avoid at all cost; rather, a moderate amount of 
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Abstract 
 
Learning is an intrinsically social process: in educational contexts, it occurs primarily 
through interactions between teachers and students. Next to the acquisition of skills and 
knowledge, the literature shows that it is important for students to have a sense of 
agency in their learning. The aim of this study is to examine how scaffolding of skills and 
self-determination develop through teacher-student interactions in individual music 
lessons. We followed four teacher-student dyads for 18 months by means of coded video-
observations and questionnaires. We connect micro-level interactions in the here-and-
now to long term development. Overall, the four dyads show somewhat higher levels of 
contingent scaffolding than the levels reported in the empirical literature. Over time, the 
dyads show a decrease in out-of-synch levels, indicating that the teacher and student 
become better adapted to one another in terms of autonomy, but not necessarily in terms 
of scaffolding. Furthermore, we see a difference between the two students with an overall 
high need of autonomy, compared to the students with a lower need for autonomy. The 
low autonomy dyads seem to develop more and more teacher-directed interaction 
patterns over time, which is not so for the high autonomy dyads. The relationship 
between the autonomy and scaffolding variables seems complex rather than 
straightforward and is highly idiosyncratic, as each dyad develops their own 
communication patterns over time. 
However, also some important similarities can be noted. All dyads start with a (short) 
period of ‘adjustment’, either in terms of somewhat disruptive interactions (‘conflict’) or 
in an unbalanced interaction. After this adjustment phase, two of the dyads alternate 
between lessons where the focus is either on promoting the student’s autonomy or 
primarily on skill acquisition. In the lessons of the third dyad however, both skill 




Students’ motivation is important for learning. Recent research shows, for instance, that 
motivation (together with learning strategies) is a better predictor of increase in 
mathematic skills than intelligence (Murayama, Pekrun, Lichtenfeld, & Vom Hofe, 2012). 
Teachers recognize the importance of students’ motivation and want to foster its 
development over time (Brophy, 2007 in: Turner & Patrick, 2008). However, research on 
this topic has not provided teachers with information necessary to influence students’ 
motivation in the complex educational contexts in which learning occurs (Turner & 
Patrick, 2008). Although research (based on inter-individual comparisons of large groups 
of participants) has provided us with relevant factors relating to motivation on a group 
level, it often cannot adequately explain how motivation changes over time within 
individuals in particular contexts. This knowledge is necessary to eventually explain why 
it changes. 
 
To sum up, most research on motivation is based on group comparisons. Molenaar and 
Campbell (2009) discuss the problem of ergodicity, which asks the question: to what 
extent can findings based on inter-individual (e.g. group) comparisons be applied on the 
individual level? They conclude that this is only possible if two strict assumptions are 
met: a) the assumption of homogeneity (each subject in the population has to obey to the 
same statistical model) and b) the assumption of stationarity (the statistical properties of 
the data, such as factor loadings, should be the same at all time points). Most 
psychological data do not meet these criteria. This means that if we want to know more 
about the interplay between students’ motivation and the context, we need dense 
individual measurements over time, which enable us to map the statistical structure of 
the individual trajectories. 
 
The aim of this study is to provide detailed empirical descriptions of how autonomy (a 
central part of intrinsic motivation) and content-related scaffolding develop over time 
and relate to each other, in four teacher-student dyads which characteristically differ in 
their overall need for autonomy. 
6.1.1 Motivation and self-determination 
Self-determination theory (Deci & Ryan, 1985; Deci et al., 1991) distinguishes between 
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different types of motivation, dependent on the extent to which they are self-determined 
(wholly volitionally and endorsed by one’s sense of self) versus controlled by external 
circumstances. The authors state that in order to be truly intrinsically motivated, three 
basic psychological needs have to be met.: the needs for autonomy, competence and 
relatedness. Self-determination theory has been applied in many different contexts, and 
has received marked interest in educational research (e.g. Stroet et al., 2013) 
 
In this article, we focus on the need for autonomy, which is the need to act in accordance 
with one’s sense of self and to initiate and regulate one’s own actions. This is because the 
need for autonomy is central in self-determination theory. Developmental theorists 
consider the movement towards greater autonomy and self-initiation to be the hallmark 
of healthy development (Ryan et al., 1995). Learning itself can be seen as an autonomous 
act: from birth onwards, human beings can be characterized as pro-active learners who 
tend to initiate autonomously in activities that provide novelty and challenge. 
 
The environment plays an important role in children’s autonomy development. In 
educational settings, the teacher’s behaviors can either foster or hinder the autonomy 
development of their students (see Kupers, Van Dijk, Van Geert, & McPherson, in press.; 
Reeve, Jang, Carrell, Jeon, & Barch, 2004; Reeve & Jang, 2006). Research shows that on 
average, an autonomy supportive teaching style is linked to a range of positive student 
outcomes, such as intrinsic motivation, engagement (see Stroet, Opdenakker and 
Minnaert (2013) for an overview), increased sense of well-being, but also task 
performance. Additionally, autonomy supportive teaching is related to students’ sense of 
autonomy (Reeve, Nix, & Hamm, 2003; Reeve & Jang, 2006) as well as their autonomous 
behavior during learning (Plimpton & DeCharms, 1976). 
 
A large part of the literature on student autonomy takes the teaching style (autonomy 
supportive or controlling) as the independent variable and measures its effect on student 
autonomy. This is based on the assumption that the teacher is the ‘locus of control’ who 
determines (albeit indirectly) the student’s level of autonomy. An alternative perspective 
that is getting increasingly more attention is that motivation and self-determination in 
particular --and learning in general-- can be seen as bidirectional, dynamic processes 
where student and teacher mutually influence each other. These transactions, rather than 
(or complementary to) the individual behaviors are taken as the unit of analysis (Meyer & 
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Turner, 2002; Steenbeek, Jansen, & Geert, 2012; Turner & Patrick, 2008; Kupers, Van Dijk 
& Van Geert, in press)  
6.1.2 Scaffolding as a dynamic construct 
As the research on self-determination in educational settings shows, learning is a socially 
embedded process in which the interaction between teacher and student(s) plays a 
central role. An important way in which teachers can aid students’ learning is by 
scaffolding, which is providing temporary support when the student is learning a task he 
or she does not quite master yet. After completion of the task, the support can be 
gradually toned down (Wood, Bruner & Ross, 1976; Granott, Fischer, & Parzialle, 2002). 
Scaffolding has several important aspects. First, scaffolding implies a coupling between 
the performance level of the student and the level of teaching content of the teacher (van 
Geert & Steenbeek, 2005). There is an optimal distance between the two when the level of 
the teacher always stays slightly ahead of the current level of the student. The optimal 
distance is not set but can instead vary between students, and over time. The continuous 
adaptation of the teacher level to the student’s current level is called contingency and is a 
core characteristic of scaffolding (van de Pol et al., 2010, 2009). It implies that scaffolding 
cannot be planned in advance, but instead develops in the lesson itself, dependent on the 
teacher’s and student’s previous actions. A second characteristic is that the teacher’s 
support is fading out over time, and connected to that, the responsibility for the task is 
transferred from teacher to student. This process is cyclical; after one sub goal of the task 
is accomplished, the process of scaffolding starts again for the next sub goal in the task 
(Kupers, van Dijk, McPherson & van Geert, 2013). The third characteristic aspect is the 
relation between timescales: long-term outcomes (such as student learning over longer 
periods of time) emerge out of repeated scaffolding interactions in the here-and-now 
(real time). For instance, if scaffolding is effective, we assume that real time interactions 
between teacher and student that are characterized by high levels of contingency will be 
associated to better learning outcomes on the long term. 
 
The theories of self-determination and scaffolding are connected through the central 
notion of agency: students are seen as active participants in their own learning and 
development. The ultimate goal of scaffolding is autonomous competence; by fading out 
the teacher’s support, the responsibility for learning is transferred from teacher to 
student. Similarly, Meyer and Turner (2002) describe different ways in which contingent 
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scaffolding can foster students’ self-regulation; one important way is by fostering 
students’ autonomy as learners. 
6.1.3 The context of individual music lessons 
Music is often, in some shape or form, an important aspect of children’s lives. In addition 
to being part of most primary school curriculums, many children take lessons to learn to 
play a musical instrument (in the Netherlands, for instance, 35 % of the children are 
involved in music or singing, of whom about 40 % take lessons (Van den Broek et al., 
2009)). These, often individual, lessons are highly suitable contexts for studying teacher-
student interactions, and more specifically for studying patterns in scaffolding and the co-
regulation of student autonomy. The first reason is that learning to play a musical 
instrument requires a complex set of skills that take years to develop. This makes it a very 
suitable context for studying change in student-teacher interactions over longer periods 
of time. The second reason is that music lessons outside of school are often a voluntary 
activity and given the difficulties that are part of the beginning stages of learning to play 
an instrument, maintaining intrinsic motivation is especially relevant in this context. 
Because of these characteristics, studying the fundamental properties of scaffolding and 
self-determination in music lessons provides us with knowledge that can be generalized 
to other educational contexts.  
To sum up, agency is a central construct in both constructs of scaffolding and self-
determination theory, both of which can be investigated in the context of individual music 
lessons. The aim of this study is to examine how processes of scaffolding and autonomy 
unfold over longer periods of time within the moment-to-moment interactions between 
teachers and students in the context of individual music lessons and how these long-term 
processes relate to each other.  
6.1.4 Research questions 
1. How do student’s levels of autonomy expression and teacher’s levels of autonomy 
support change over time? 
To what extent are these patterns idiosyncratic, i.e. different between teacher-student 
dyads? 
2. How do real time interactional patterns in autonomy and scaffolding change over time? 




3. In what way is autonomy development linked to changes in scaffolding patterns? 
To what extent are these connections idiosyncratic? 
6.2 Method 
6.2.1 Research participants 
Because this study focusses on change in interactional patterns over time, a design with 
dense repeated measurements (both within lessons as over longer periods of time) is 
necessary. Because of the relevance of the student’s autonomy in this study, we 
consciously chose four contrasting cases of students with highly varying overall needs for 
autonomy. Two violin and two cello teachers participated in this study, together with four 
of their beginning students. The students were between 4;5 and 5;11 years old at the start 
of the data collection and were involved in music lessons for 10 months on average. The 
students came from higher socio-economic backgrounds and lived in different parts of the 
Netherlands. Three of the four teachers were teaching in a private studio, and one teacher 
worked in a public music school. All teachers had over 20 years of teaching experience. 
The four teachers used the Suzuki method, which is an internationally recognized method 
of instrumental teaching which allows children to start learning an instrument from a 
young age, with emphasis on memory training, learning to play before learning to read 
sheet music and learning through repetition (Suzuki, 1969). We chose teachers using the 
Suzuki method in order to keep the curriculum constant, so that we would be able to 
observe differences between teachers (and teacher-student dyads) that were not 
depended on the teaching method itself. 
 
The dyads were chosen from a larger sample of 8 dyads based on their scores on 
autonomy and progress. Of all 8 dyads, 28 lessons were videotaped over the course of 18 
months. At the end of the data collection, the teachers rated the student’s general need for 
autonomy on a 5-point Likert scale (‘In general, this student wants to take initiative 
during the lesson’ with answers ranging from ‘never’(1) to ‘very often’(5)) as well as their 
student’s overall progress (‘How would you rate the progress of this student so far?’ with 
answers ranging from ‘below average’ (1) to ‘above average’(5)). From these 8 dyads, we 
selected the four dyads with the most extreme scores on general need for autonomy, and 
analyzed this data further. We chose 2 students with a very high need for autonomy and 
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two students with a very low need for autonomy. Three of the students showed above-
average progress, whereas 1 student showed below-average progress, according to their 
teachers. Our selection of students with extreme scores on autonomy and progress 
allowed us to contrast trajectories associated with different overall student 
characteristics. An overview of the four students is given in Table 6.1. Before the start of 
the study, the teachers and parents of the children signed an informed consent form. All 
procedures were approved by the Ethical Committee Psychology of the University of 
Groningen. 
Table 6.1. Student characteristics 
* Students’ names were changed for the sake of privacy 
6.2.2 Measurements 
Autonomy variables were coded for all verbal utterances of the teacher and student (in 
the first 10 minutes of each lesson). Teacher autonomy support was measured by rating 
all utterances of the teacher on a scale from -1 to 1, with -1 being the most autonomy 
diminishing and 1 being the most autonomy supportive. The scale was based on the 
literature on autonomy supportive teaching (Reeve & Jang, 2006) and in general indicated 
how much room the teacher left for student initiative at any point in the lesson. For 
instance, when the teacher explicitly disapproved of a student initiative (‘I don’t think that 
is a good idea’), that was rated as -1. A directive instruction (‘Do it like this’) is a bit less 
directive, but still does not leave much room for student initiative and is therefore rated 
as -.6. The complete scale of teacher autonomy support is shown in Figure 1 (see also 
Kupers et al., 2013). This quantification of teacher utterances allowed us to capture more 
subtle differences in teacher autonomy support compared to a dichotomous scale 
(supportive/ controlling) that is used more commonly in research on this topic (see for 
instance Reeve & Jang, 2006).  
Name* Charlotte Thijs Robin Milou 
Age 4;5 5;3 5;3 5;11 
Instrument Cello Cello Violin Violin 
Months of lessons 6 16 8 8 
Need for autonomy 4 5 1 2 




Figure 6.1. Scale of teacher autonomy support, ranging from autonomy diminishing to autonomy 
supportive. 
Student autonomy expression was rated as negative (-1), neutral (0) or positive (1). The 
values 0 and 1 were coded for each student utterance; a value -1 was assigned when the 
student did not respond to a question by the teacher. A positive value was assigned when 
the student was taking initiative in the lesson, for instance by asking a question or 
bringing in a new idea. Positive autonomy expressions can either be Engaged (when the 
student is on-task, e.g. asking a question about the task) or Resistant (when the student is 
off-task, e.g. saying ‘I don’t want to do this anymore’ or bringing up an unrelated topic in 
the conversation). Student autonomy was neutral when the student said something that 
was not an initiative, e.g. answering a question. A negative value of student autonomy was 
assigned when the student took even less initiative than was expected, e.g. not answering 
a question by the teacher. 
 
Scaffolding variables were coded for each assignment that was addressed in the lesson. 
Each assignment that the teacher gave during the lesson was rated on complexity in 
relation to the previous assignment; more complex (Forward), less complex (Backward), 
same level (Repeat) or unrelated to the previous assignment (New Task). Consequently, 
each student attempt to execute this assignment was coded. The student codes represent 
the level of that student performance of the task at hand (Correct, Partially correct or 
Incorrect). These actions and reactions of teacher and student level are plotted in a State 
Space Grid (Lamey, Hollenstein, Lewis, & Granic, 2004) (see Figure 6.2). The state space 
consists of all possible interaction states of the teacher-student dyad. Each coded lesson is 
represented as a series of dots in the state space; each dot represents one sequence of 
teacher-student behavior (a dot in the bottom left cell, for instance, means that the 
student has performed an assignment correct, after which the teacher presents a new 
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assignment). On the basis of the literature on scaffolding, we determined what 
combinations of actions could be labeled as contingent scaffolding. The criteria were that 
the teacher always stays ahead of the student, but not so much that the student cannot 
keep up (e.g. increasing complexity or starting a new task after a correct performance, 
decreasing complexity after an incorrect performance and staying on the same level after 
a partially correct performance). However, state space grids can be used not only to 
analyze proximal sequences of events, but also to consider the overall temporal structure 
of the dyadic interaction within each lesson (Dishion, 2004). 
 
Figure 6.2. Example of a State Space Grid of one lesson. The states with a yellow line represent contingent 
scaffolding. 
Next to the variables representing student and teacher behaviors, described above, we 
also calculated variables that represent different aspects of dynamics of the teacher-
student variables within each lesson. 
 
Out-of-Synch is calculated from the real-time difference between the moving average (per 
5 seconds) of the student’s level of autonomy expression and the concurrent teacher level 
of autonomy support. Out-of-synch is the duration per lesson (in half seconds) of 
differences larger than 1. For instance, when the student takes initiative (value student 
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autonomy = 1) and the teacher responds negatively (value teacher autonomy support = -
1) this is a moment of out-of-synch. 
 
Contingency is the proportion of contingent actions relative to all actions per lesson.  
 
Dispersion is calculated from the same SSGs as contingency. Dispersion indicates to what 
extent the interaction is variable (distributed evenly across the state space) or stable. 
Each lesson has a value between 0 and 1; 0 if all the interactions are located in one cell, 
and 1 if the interactions are evenly spread out over all cells (Hollenstein, 2012). 
6.2.3 Procedure 
The data collection for this longitudinal study spanned 18 months and consisted of 7 
waves of data collection, which were three months apart. During each wave, four 
consecutive individual music lessons were videotaped, resulting in 28 repeated 
measurements per dyad. Either the first author or the music teachers themselves 
recorded the videos with a simple video camera on a tripod. The teachers were told to 
conduct their lessons as they normally would. 
 
The recorded lessons usually lasted 15 to 30 minutes. Of every recorded lesson, the first 
10 minutes (starting from the point when the teacher formulated the first assignment) 
were coded on the basis of a detailed coding scheme using professional coding software 
(The Observer version 10.5, Noldus). An overview of all variables can be found in Table 
6.2. Interobserver reliability was assessed by comparing the codes of the first author with 
three independent, trained observers. For the autonomy variables, reliability was 
calculated for 10 to 19 videos per variable. The videos were part of the larger dataset of 
this study; not all videos were used in this study but they were recordings of lessons of 
the same teachers. For the autonomy variables (teacher autonomy support and student 
autonomy expression), reliability calculations resulted in a Cohen’s Kappa of .84 for 
student autonomy expression (agreement ranged between 64 and 100 % per video), 
Cohen’s Kappa of .96 for the variable Teacher autonomy support (between 86 and 99% 
agreement per video) and Cohen’s Kappa of .79 for the sub categories of Teacher 
Autonomy support (72 – 89 % agreement), which is a substantial level of agreement.  
 
Interobserver reliability for the scaffolding variables (Teacher assignment level and 
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Student performance level) was determined in two steps for 10 videos (9 % of the total 
dataset). As a first step, we determined reliability on the unit of analysis (e.g. what counts 
as a teacher assignment). Reliability is often not determined on this level, but it can have 
major consequences for further analyses of the data (Krippendorff, 1995). The two 
observers agreed on the segmentation of three videos in 89 % of the time (agreement 
levels between 81 and 98 % per video). The second step consisted of independently 
coding Teacher assignment level and Student performance level, resulting in Cohen’s 
Kappa of .91 for the teacher (agreement between 67 and 100 %) and Cohen’s Kappa of .78 
for the student (agreement between 63 and 95 %) This level of agreement is substantial 
and comparable to other levels of interobserver agreement on comparable (scaffolding) 
measures (e.g. (Steenbeek et al., 2012; van de Pol et al., 2009). 
 
6.2.4 Analyses 
The data of the dyads were plotted over time. For each dyad, we tested whether the 
autonomy and scaffolding variables showed an increase or decrease over time with non-
parametric tests. We performed Monte Carlo simulations, where the slope of the 
empirical observations is tested against the slope of randomly shuffled data. First, the 
Table 6.2. Overview of all variables  
Main category Variable Measurement level No. of measurement points per dyad 
Autonomy Student 
autonomy 




Micro 28 (1 per lesson) 





Scaffolding Contingency Micro 28 (1 per lesson) 
Dispersion Micro 28 (1 per lesson) 
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slope is calculated over the actual empirical data. Second, the column with the empirical 
data points is randomly shuffled, after which the slope is calculated over the shuffled data. 
This procedure is repeated 10.000 times per test and yields a p-value which indicates the 
likelihood that the slope of the empirical data stems from the distribution of slopes of 
shuffled data. 
 
Furthermore, we analyze whether the autonomy variables and scaffolding variables were 
in some way connected to one another, and to what extent this connection a) changes 
over time and b) is different for the four teacher-student dyads. We conducted these 
explorative analyses in three steps. First, we smoothed the data for each dyad. Smoothing 
is a technique for reducing the local variability while maintaining information about the 
local trends in the data. By reducing the local variability, one can make the time-
dependent and eventually changing relationships between variables more salient, that is 
to say more easy to visually capture. We used the loess (locally weighted regression) 
smoothing technique, which calculates weighted regression lines in windows of data 
(when the window is 10 data points for instance, the first point in the curve comes from 
regression through data point 1 to 10, the second on 2 to 11, etc.; to calculate the 
regression parameters, the middle value of the window has the greatest weight and the 
values towards the beginning and end of the window are given decreasing weights). We 
used the smoothed (and normalized between 0 and 1) data as input for the subsequent 
analyses. The normalization was used because all variables are measured on different 
scales; putting them on the same scale allows us to link the increases and decreases in the 
variables to one another. The second step was performing a principal component analysis 
on this smoothed data (Abdi & Williams, 2010; Dunteman, 1989). A principal component 
analysis (PCA) investigates whether several (dependent) variables can be aggregated into 
underlying components, based on the correlation matrix of these variables. The 
components are ordered on the basis of the amount of variance they explain. As a third 
step, we performed a hierarchical cluster analysis on the same smoothed data (HCA). This 
was done to determine whether there are meaningful groups of measurement points for 
each dyad, based on the shared characteristics of these measurement points. The HCA 
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provides test values4 of each variable for each cluster. These test values indicate which 
variables are most characteristic for the particular clusters, with relatively high (>1) or 
relatively low (<-1) values indicating the most characteristic variables. 
 
Within the HCA technique, the optimal number of clusters for each dyad is determined on 
the basis of the data (and thus can be different for each dyad). To validate whether the 
clustering of the data did not depend entirely on this specific method of clustering, we 
also conducted K-means cluster analysis. For this type of clustering, we adjusted the 
number of clusters to the number found in the HCA. The PCA, HCA and K-means analyses 
were performed in Tanagra. 
6.3 Results 
We will present the results in three steps, increasing in complexity. As a first step 
(research question 1), we will look at the long-term change in separate teacher and 
student behaviors per lesson. The second step, which is used for answering the second 
research question, consists of portraying the change of indicator variables (indicative of 
the real time teacher-student dynamics within lessons) over time. Finally, we will look at 
relative change of all variables within each dyad by means of cluster analyses in order to 
answer our third research question. 
6.3.1 Question 1: How do student’s levels of autonomy expression and 
teacher’s levels of autonomy support change over time?  
The two students who are identified with a general low need for autonomy by their 
teachers (Milou and Ruben (the dotted lines in Figure 6.3) show only few positive 
autonomy expressions during the first couple of measurements, which decrease even 
further over time until they show no autonomy expressions at all in later lessons. The two 
students with an identified high need for autonomy (Charlotte and Thijs (the solid lines in 
Figure 6.3) show highly variable levels of autonomy expression over time, but with no 
clear increase or decrease. The autonomy expressions of the high autonomy students 
show a mixed pattern of Engagement and Resistance expressions, although most 
                                                           
4 The test values are provided in the descriptive output of the cluster analyses in Tanagra. The following link 




expressions are generally engaged. The students with an identified low need for 
autonomy hardly ever show resistance. All four students’ autonomy expressions over 
time are depicted in Figure 6.3. 
 
Figure 6.3. Frequency of autonomous expressions per lesson of Charlotte, Thijs (high autonomy students), 
Ruben and Milou (low autonomy students). 
Figure 6.4 shows the levels of teacher autonomy support over time for the four teachers. 
In general, the four teachers show different levels of autonomy support. The teacher of 
Thijs is generally the most autonomy supportive, while the teacher of Charlotte is most 
controlling. Over time, we see that the teacher of Thijs seems to slightly increase her 
autonomy support (non-significant increase; p = .1), whereas the teacher of Milou 
becomes more controlling (p = .001). The autonomy support levels of the other two 
teachers vary around the same mean (-.20 for Robin and -.29 for Charlotte) and do not 
show a clear increase or decrease 
 
Figure 6.4. Average level of teacher autonomy support per lesson over time of Charlotte, Thijs (high 
autonomy students), Robin and Milou (low autonomy students). 
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6.3.2 Question 2. How do real time interactional patterns in autonomy and 
scaffolding change over time? 
Real-time patterns in teacher-student autonomy interactions 
The amount of out-of-synch moments is depicted in Figure 6.5. Remember that Out-of-
Synch represents the amount of time in which there is a large difference between the level 
of student autonomy expression and teacher autonomy support. This can happen both 
when the teacher is highly controlling and the student expressing high autonomy, but also 
when the student expresses low levels of autonomy while the teacher is very autonomy 
supportive. The level of Out-of-Synch decreases over time for three of the four dyads (all 
dyads with above average progress) (Thijs p = .02; Robin .002 (without outlier at point 
27; with outlier p = .10); Milou p = .02) There also seems to be a slight decrease in Out-of-
Synch for Charlotte, which is not significant (p = .09). In general, the dyads that were 
identified with the high need for autonomy students show more out-of-synch per lesson 
compared to the dyads with low autonomous students (t = 6.67, p < .001). 
Figure 6.5. Out-of-synch moments (in half seconds) per lesson over time of Charlotte, Thijs (high autonomy 
students), Ruben and Milou (low autonomy students). 
Real-time patterns in scaffolding interactions 
Overall, the 109 analyzed lessons contained on average 12.5 scaffolding events per lesson 
(an event being a student performance followed by teacher assignment). On average, 6.1 
of these events (48.8 % of all events) were classified as contingent, which is significantly 
above chance level (p< .001). 
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Figure 6.6. Levels of contingency per lesson over time of Charlotte, Thijs (high autonomy students), Ruben 
and Milou (low autonomy students). 
 
The levels of contingency per lesson vary around 50% of the interactions (see Figure 6.6). 
There seems to be no overall trend over time for the four dyads together. When we look at 
the dyads separately, there seems to be a very slight general increase of contingency 
(combined with higher lesson-to-lesson variability) in Robin’s lessons (slope = .006, p = 
.06) and a slight decrease of contingent scaffolding for Milou’s lessons (slope = .009, p = 
.02). The other two dyads remain variable with no clear increase or decrease. 
Figure 6.7. Levels of dispersion (variability in the state space) per lesson over time of Charlotte, Thijs (high 
autonomy students), Ruben and Milou (low autonomy students). 
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Figure 6.7 shows the dispersion in scaffolding states (that is, the within-lesson variability 
in scaffolding states). As a reminder, values on Dispersion can be anywhere on a scale of 0 
to 1, with 0 indicating a very stable interaction (all behavior in one cell of the State Space 
Grid) and 1 indicating a highly variable interaction (behaviors evenly distributed among 
all cells of the SSG). The dispersion in the scaffolding states is and stays very high (around 
.85 on a scale from 0 to 1) with no clear increases or decreases over time for any of the 
four dyads, with the exception of two drops in dispersion for Milou and Thijs. This means 
that overall the scaffolding interactions throughout these 18 months are relatively 
variable. 
6.3.3 Question 3: In what way are autonomy development and changes in 
scaffolding patterns related? 
In order to answer our third research question, we first conducted correlational analyses 
which test linear relations between variables. Because the correlations between variables 
might be idfferent for each teacher-student dyad, we calculated the correlations 
separately for each dyad. The results are listed in Table 6.3.  
Table 6.3: Correlations between scaffolding and autonomy variables. 
* significant at p.05; ** significant at p <.01 
For Charlotte and Thijs, the autonomy variables do not correlate significantly with either 
one of the scaffolding variables. For both Robin and Milou, the only significant correlation 
is a negative relation between Teacher autonomy support and Dispersion. This means 
that when the teacher is (overall) more directive, this is associated to more variability in 
the scaffolding patterns. 
 
Second, we investigated whether the variables could be aggregated on a smaller number 
 Charlotte Thijs Robin Milou 
 Disp. Contin. Disp. Contin. Disp. Contin. Disp. Contin. 
Student 
Autonomy 
.02 -.01 .04 -.23 .04 -.02 -.35 .17 
Autonomy 
Support 
-.05 .03 -.23 .11 -.41* .27 -.49** .29 
Out-of-
Synch 
-.11 -.04 -.03 .11 -.20 -.06 -.07 .14 
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of axes by conducting principal component analyses (PCA). We conducted a PCA (together 
with a factor rotation) for each dyad separately, to see whether there are differences in 
the within-dyad structure of the data. After that, we zoom in further on the data by 
exploring whether we could distinguish between different clusters of measurement 
points, in order to understand the relationship between variables over time better, with 
two different clustering methods (hierarchical clustering (HCA) and K-means clustering). 
We conducted the analyses separately for each dyad, because we were interested in 
relative change within dyads (disregarding the absolute differences between dyads, 
because we already explored these in research questions 1 and 2). In sum, a PCA is 
conducted to investigate the structure of the data independent of time, while the HCA 
allows us to investigate the relation between variables over time. 
Principal component analyses 
Table 6.4 to 6.7 represent the outcomes of the PCA for each dyad after rotation of the 
axes. The results show some similarity, but also marked differences in the data structure 
of the different dyads. For three of the four dyads, the data can be aggregated onto two 
significant axes (significance based on the Kaiser-Guttman critical values). The factor 
loadings of the different variables differ per dyad. The axes for Charlotte and Ruben are 
most similar, with one axis correlating strongly positive with Resistance, Engagement and 
Out-of-Synch. This means that for these students, when the teacher-student dyad is out-
of-synch, this stems mostly from the student taking relatively many initiatives. For these 
dyads, the second axis correlates positively with Dispersion, but strongly negative with 
Autonomy support. For Thijs, the first axis correlates strongly positive with Resistance 
and Dispersion, and strongly negative with autonomy support and contingency. This 
means that in lessons where the teacher is relatively directive, the student shows more 
resistance, and there is less student-teacher adaptation (both in terms of scaffolding 
quality and autonomy co-regulation). And last, the data of Milou can be aggregated onto 
one axis which correlates strongly negative with all variables except Dispersion. 
 
Concluding, the underlying components vary with each teacher-student dyad, pointing to 
different dynamics in the teacher-student interaction. Another noteworthy result is that 
the scaffolding and autonomy variables do not necessarily fall onto different axes. In other 




Table 6.4. Correlations and explained variance Principal Component Analysis for Charlotte. Marked cells 












Table 6.5. Correlations and explained variance Principal Component Analysis for Thijs. Marked cells 








Engagement .93 (87 %) -.11 (1 %) 
Resistance .81 (65 %) .50 (25 %) 
Out-of-Synch .98 (97 %) -.03 (0 %) 
Autonomy support .54 (29 %) -.77 (59 %) 
Dispersion .40 (16 %) .82 (68 %) 
Contingency -.57 (33 %) .34 (11 %) 
Explained variance 
(accumulated) 







Engagement .48 (23 %) -.60 (36 %) 
Resistance .73 (53 %) -.17 (3 %) 
Out-of-Synch .52 (27 %) -.79 (62 %) 
Autonomy support -.87 (76 %) .20 (4 %) 
Dispersion .82 (67 %) .07 (1 %) 
Contingency -.85 (73 %) -.41 (17 %) 
Explained variance 
(accumulated) 
53 % 20 % (74 %) 
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Table 6.6. Correlations and explained variance Principal Component Analysis for Robin. Marked cells 











Table 6.7. Correlations and explained variance Principal Component Analysis for Milou. Marked cells 








Cluster analyses  
As stated in the Methods section, we conducted both HCA and K-means cluster analyses 
on the data over time. In HCA, the optimal number of clusters is calculated through the 
analysis; the K-means analysis was conducted based on the number of clusters of the HCA. 
For Charlotte and Robin, the two methods of clustering yield exactly the same results; for 







Engagement .74 (54 %) .51 (26 %) 
Resistance .73 (53 %) -.48 (23 %) 
Out-of-Synch .94 (88 %) .23 (5 %) 
Autonomy support .02 (0 %) .94 (88 %) 
Dispersion .51 (26 %) -.80 (64 %) 
Contingency .78 (61 %) .48 (23 %) 
Explained variance 
(accumulated) 





Engagement -.79 (62%) 
Resistance -.82 (67 %) 
Out-of-Synch -.87 (76 %) 
Autonomy support -.97 (94 %) 
Dispersion .97 (94 %) 
Contingency -.91 (82 %) 
Explained variance (accumulated) 79 % 
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the K-means analysis. This means that our clusters can be considered to be very robust. 
For the sake of clarity, we will present only the results of the HCA clustering here. Tables 
with the test values and explained variance can be found in Appendix IV.  
Charlotte The cluster analysis of Charlotte yielded four clusters of measurement points, 
which are depicted over time in Figure 6.8.  
 
Figure 6.8. HCA Clusters of measurement points over time for Charlotte, combined with Loess curves for all 
6 variables. 
The first three lessons fall into a cluster we could label as ‘autonomy expressive’, since the 
student is displaying high levels of autonomy (both resistance and engagement). The 
teacher is trying to support the student’s autonomy, but the dyad still shows high levels of 
out-of-synch in these first lessons. The next cluster (lesson 4 and lessons 20 – 25) consists 
of lessons that can be characterized by a focus on ‘autonomy building’: the teacher is 
showing high levels of autonomy support, but the levels of contingent scaffolding and 
dispersion are very low. These lessons are alternated by lessons that are specifically 
focused on ‘skill building’ (cluster 3: lessons 5 - 14 and 26 – 28) in which the teacher-
student interaction shows an opposite picture: high levels of contingent scaffolding, but 
low levels of all autonomy variables. Last, the fourth cluster (lessons 15 – 19) is marked 
by ‘conflict’ with high levels of dispersion, high student resistance and somewhat lower 




Thijs The cluster analysis on Thijs’ data yielded three main clusters of measurement 
points. These are depicted over time in Figure 6.9.  
 
Figure 6.9. HCA clusters of measurement points over time for Thijs, combined with Loess curves for all 7 
variables. 
Cluster 1, which contains the first four measurement points, is characterized by high 
levels of Out-of-Synch, high Dispersion, high Resistance and low Autonomy support. In 
general we could call this a cluster marked by ‘conflict’ (similarly to the cluster of 
Charlotte); teacher and student are not well adapted in terms of autonomy, with the 
teacher trying to control the student and the student actively resisting. In addition, the 
scaffolding transactions are relatively disordered and not contingent. This cluster 
strongly resembles the first cluster of measurement points of Charlotte. The next 
measurement points fall into the second cluster, which comprises most measurement 
points and which re-appears at the end of the time series. This second cluster is 
characterized by high contingency, high autonomy support, high engagement and low 
dispersion. These transactions seem to be characterized by ‘flow’; the student is highly 
autonomous in a positive way (on-task). The teacher also supports this student 
engagement. Scaffolding is contingent and the interactions are relatively ordered. This 
second cluster is alternated with a third cluster, which appears from the middle to the 
near end of the time series. The third cluster is marked by low levels of student autonomy 
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(especially low engagement), relatively little Out-of-Synch and lower levels of 
contingency. We could call this the ‘passive’ cluster; the student is less involved compared 
to the previous clusters. Also, the scaffolding is less contingent. 
Robin Within the data of Robin, four main clusters of measurement points could be 
distinguished, which are depicted over time in Figure 6.10.  
 
Figure 6.10. HCA clusters of measurement points over time for Robin, combined with Loess curves for all 7 
variables. 
Similarly to the data of Thijs, the first lessons (1-4) of Robin are marked by ‘conflict’ 
(relatively high resistance, but also engagement, low autonomy support and low 
contingency). The teacher-student dyad then moves on to a prolonged phase of ‘exploring’ 
(high variability in the scaffolding states, and values of the other variables that vary 
around the mean (note also the variability within this cluster, see Figure 6.10)). Lesson 18 
to 22 fall into the third cluster where interactions are characterized by ‘autonomy 
building’. The last cluster of lessons (‘skill building’) shows high levels of contingency, but 
low levels of the other variables (except average values on Autonomy Support). The dyad 
is focusing on learning but less on autonomy development. This last cluster is quite 
similar to the third cluster of Charlotte (the only difference being Autonomy Support, 
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which was also low in Charlotte’s cluster). 
 
Milou Figure 6.11 displays the trends for the variables over time.  
 
Figure 6.11. HCA clusters of measurement points over time for Milou, combined with Loess curves for all 7 
variables. 
In the first four lessons (‘opportunity providing’), the teacher is providing high levels of 
autonomy support and contingent scaffolding, but the student is showing high levels of 
resistance. The second cluster (‘student-led’) consists of lessons (7-12) where the student 
is showing high levels of engagement, and the interactions has moderate to high levels of 
Out-of-Synch and scaffolding contingency. This is followed by the last cluster, which 
comprises most lessons (13 to 27) and can be characterized as ‘passive’; the teacher is 
very directive, the student is showing low levels of autonomy and there is little contingent 
scaffolding. 
 
With regard to the third research question, several points stand out from the results. First, 
the PCA shows that the data structure within each of the four dyads is quite different. This 
means that the processes of scaffolding and autonomy development are highly 
idiosyncratic. Second, also the cluster analyses reveal substantial differences between 
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how the variables relate to each other over time. However, there are also some 
similarities. All dyads start with a (short) period of ‘adjustment’, either in terms of 
somewhat disruptive interactions (‘conflict’) or in an unbalanced interaction (for instance 
Milou, where the teacher is trying to support the student’s autonomy, but the student 
showing resistance). For both Robin and Charlotte, the lessons after this adjustment 
period alternate between interactions that are either focused primarily on skill 
acquisition or on (student) autonomy (with most of Robin’s lessons focused on skill 
acquisition). For Thijs, however, most lessons are characterized by both qualitatively good 
scaffolding and positive autonomy interactions. Milou seems to move quite rapidly 
towards interactions that are directed by the teacher, and where the student takes a more 
passive role. 
6.4 Discussion 
The present study aimed to provide detailed empirical descriptions of the development of 
self-determination and task-related scaffolding over time, and to investigate whether the 
two are connected in four longitudinal case studies of music teacher – student dyads. Our 
first research question dealt with the development of autonomy over time. We found that 
the two students with an overall high need for autonomy differed from the two students 
with a low need for autonomy: the high-autonomy students showed variable levels of 
autonomous expressions, while the low-autonomy students had low levels of autonomy 
during the first measurements, which quickly decreased to zero over time. This does not 
match with the literature, which assumes an overall increase in autonomous behavior. 
 
Our second research question was: How do real time interactional patterns in scaffolding 
and autonomy change over time? In terms of moment-to-moment adaptations between 
the autonomy level of the student and the level of autonomy support of the teacher, we 
found that the teachers and students (tended to) become better adapted to one another 
over time. However, the nature of this adaptation was different between dyads; for 
instance, in the case of Milou, the dyad moved towards a state where the teacher became 
more and more directive, while the student stopped taking initiative. In the case of Thijs, 
on the other hand, the teacher becomes more autonomy supportive over time. They 
developed a style of interaction where the student and teacher mutually reinforced the 
student’s autonomy development. In other words, an increasing rate of moment-to-
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moment adaptations may lead to very different, (relatively) stable states.  
 
In terms of scaffolding, almost half the scaffolding interactions could be labeled highly 
contingent. This is a higher level of contingent scaffolding than generally found in the 
literature (e.g. Steenbeek et al., 2012; van de Pol et al., 2009; see also West & Rostvall, 
2003). One possible explanation lies in the educational context. Most theoretical models 
of scaffolding are based on dyadic student-teacher interaction in the classroom (e.g. Van 
de Pol et al., 2010; Van Geert & Steenbeek, 2005). However, the context in which these 
models are tested usually consist of one teacher and 20 – 30 students. This makes 
scaffolding in educational practice far more complex as the teacher constantly has to 
switch between scaffolding different (groups of) students. This could result in lower 
levels of contingency in classroom settings compared to individual music lessons, where 
the teacher only has to focus on one student. Although the study of West and Rostvall 
(2003) also described frequent mismatches in interactions in individual music lessons, 
they did not specifically measure contingent scaffolding. Therefore, their conclusions are 
hard to compare to the conclusions of this study.  
 
In terms of change over time, the main finding was high lesson-to-lesson variability in 
contingency, but no clear increase or decrease of contingency over 18 months. Also, the 
within-lesson trajectories showed overall high levels of dispersion. This finding can be 
explained from a dynamic perspective on scaffolding (Van Geert & Steenbeek, 2005); 
scaffolding implies a shifting attractor state because both the student’s and the teacher’s 
level keep changing towards the learning goal. Therefore, we do not expect to find strong 
attractor states; these would imply that the scaffolding is not effective because the level of 
the student is not changing (and because the teacher assignment level is coupled to the 
student’s level, this is also constantly changing). Put otherwise, scaffolding requires a 
flexible interaction and therefore a highly variable pattern over time. 
 
Our third research question was: In what way is autonomy development linked to 
changes in scaffolding patterns? One main finding is that the underlying component 
structure of the variables is highly idiosyncratic; there are different underlying axes for 
each of the four dyads. It is important to note that this variability is not simply a 
stochastic variation of the general component structure, but rather a reflection of the fact 
that each teacher-student dyad can develop their own characteristic interactional 
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patterns (which also vary within dyads, over time). 
 
The clusters over time also show changing connections between scaffolding and 
autonomy, which are again very different for the four dyads. For instance, Thijs and his 
teacher show development from sessions that are characterized by chaotic and disruptive 
interactions to sessions that are characterized by flow and more adaptation. The 
interactions in the lessons of Milou, on the other hand, develop over time more and more 
into a passive state where the teacher becomes more directive and Milou takes less and 
less initiatives. However, there are also some interesting similarities between the four 
dyads. All dyads start with a (short) period of ‘adjustment’, either in terms of somewhat 
disruptive interactions (‘conflict’) or in an unbalanced interaction (for instance Milou, 
where the teacher is trying to support the student’s autonomy, but the student showing 
resistance). After this adjustment phase, tow of the dyads alternate between lessons 
where the focus is either on promoting the student’s autonomy or primarily on skill 
acquisition. In the lessons of Thijs, however, both skill acquisition and autonomy are 
reinforced together, resulting in a positive flow-like state. 
 
A possible limitation of this study is that, by taking the level of the assignment (in terms of 
complexity) as our indication of the level of the teacher, we did not take into account how 
much support the teacher gave during the execution of the task. For instance, the same 
task can be repeated a number of times (thus staying at the same level of complexity), 
while the teacher fades out the amount of support (by for instance giving less feedback 
and hints each time). In future studies, these two dimensions of scaffolding need to be 
explored further. 
 
Overall, this study illustrates that the connection between scaffolding and autonomy 
development is a complex relationship rather than a straightforward one. On the one 
hand, the patterns show a high level of idiosyncracy; the data structure is quite different 
for each of the four dyads. Different teacher-student dyads develop their own 
characteristic interactional patterns over time. In part, these differences between dyads 
seem to relate to the student’s overall level of autonomy. On the other hand, all dyads 
move relatively quickly out of the initial adjustment phase towards (mostly) more 
constructive interactions. This common trend illustrates how teacher-student dyads 
become more adapted to one another over time. It should also be noted that these 
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trajectories are all associated with relatively positive outcomes: all students continued 
music lessons for at least two years, indicating intrinsic motivation. It would be 
interesting for future research to also look at more problematic learning trajectories; 
perhaps overall problematic learning trajectories are not marked by the same trend 
towards co-regulation that we see in this sample. 
In terms of implications for educational practice, this study shows the wide variety of 
possible patterns in teacher-student interactions in scaffolding and autonomy 
development. It is important for teachers to realize that they both have a role in 
scaffolding student’s skills while simultaneously allowing the students to have an active 
part in their own learning. This study shows that although the quality of scaffolding 
interactions is and stays relatively high and teachers indeed adapt the level of their 
assignment to the student’s current level, the changes in autonomy indicate a change 
towards interactions that can become more and more teacher-directed, especially with 
students who are already less inclined to take initiatives. Teachers should realize that in 
the same way they can scaffold student’s skill level, they can also support the student’s 
level of autonomy (that is to say, to stimulate them to take initiatives etcetera), which can 
contribute to making learning more meaningful for students. 
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Chapter 7  
CONCLUSION AND DISCUSSION 
7.1 Introduction 
As stated in the Introduction, this thesis originates from the idea that learning is 
intrinsically social. The concept of socially embedded learning goes back to the theory of 
Vygotsky (1978). More recently, the active role of the student is central in two major 
theoretical constructs within educational and developmental psychology: the concept of 
scaffolding and self-determination theory. The fact that the student and teacher 
continuously influence each other from moment to moment makes the learning process 
complex and learning trajectories likely to be non-linear. Although the complexity of 
educational interactions is increasingly recognized theoretically, most empirical studies 
only analyze one-directional influences (e.g. how does teacher feedback influence student 
performance). In this thesis, I took a different approach by taking the teacher-student 
interaction as the main unit of analysis and thereby focusing on these real time 
bidirectional influences.  
The aim of this thesis was to investigate how scaffolding and self-determination develop 
through student-teacher interactions in the context of individual music lessons. Individual 
music lessons are a highly suitable context for studying these processes for several 
reasons: a) playing a musical instrument is a complex task that requires a broad array of 
skills, which all can be ‘scaffolded’ through teacher-student interactions; b) learning to 
play a musical instrument usually takes years, which allows researchers to look at long-
term changes in the interactional patterns of the same teacher-student dyads and c) 
because music lessons are usually voluntary but require considerable dedication, it is a 
suitable context for researching factors contributing to students’ motivation. In the 
empirical part, we looked both at the interactions on a micro-level (as they occur from 
moment to moment in the lesson) as well as at how the patterns in these interactions 
change over longer periods of time (intra-individual change), and how these patterns 




7.2 Summary of the main conclusions 
7.2.1 Theoretical part 
In music education research, two main issues are a) why some students’ progress in 
learning to play a musical instrument is effortless while others struggle and b) why some 
students develop and maintain motivation to practice the instrument for years while 
others get frustrated and quit. In the theoretical part of this thesis, a dynamic model was 
developed which integrates theories on scaffolding and self-determination. Both the 
concept of scaffolding and self-determination theory start from the idea that the student 
has an active role in his or her learning process. Because of this, we argue that the 
development of self-determination and scaffolding in the context of music lessons are 
deeply intertwined. The core of the model is the interaction between music teacher and 
student as it occurs from moment to moment within each music lesson (on the micro 
level). Contingent scaffolding on this level should entail a transfer of responsibility from 
the teacher to the student and is hence connected to the student’s sense of self-
determination. Through scaffolding, learning changes from being mostly teacher-
regulated towards becoming more self-regulated. Similarly, one would expect self-
determined (intrinsic) motivation to develop from being mainly situationally triggered to 
becoming truly self-integrated. Stated otherwise, in the same way the teacher can scaffold 
the student’s knowledge and skills, her or she can also ‘scaffold’ the student’s self-
determination or autonomy. A second central characteristic of the model is the mutual 
connection between timescales. A distinction is made between the micro (here-and-now 
or real time) and the macro (long term) timescales. Long-term, stable characteristics 
(such as the student’s general sense of autonomy or the teacher’s style of teaching) 
emerge out of the repeated real time interactions which constitute the micro-level 
timescale. And vice versa: the long-term development up to a certain point restricts the 
teacher-student transactions in the next music lesson. The theoretical model has several 
implications for future research on this topic. First, although they are related from a 
theoretical point of view, we know little about the underlying dynamics of the relation 
between scaffolding and self-determination, which is an issue that future research would 
have to address. Second, most of the studies we reviewed are conducted on the 
aggregated (i.e. macro) level of development. Studies that actually focus on how 
scaffolding and self-determination develop from moment to moment are rare not only in 
the field of music education, but also in educational research in general. Research on 
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patterns in real time teacher-student interactions is, however, highly relevant because not 
until we know how learning occurs in the music lesson itself (that is, knowledge on intra-
individual change) we are able to distinguish between a range of interaction patterns that 
are associated with either adaptive or maladaptive outcomes (e.g. staying motivated 
versus quitting music lessons). Connected to this first point, if the aim is to implement 
research to educational practice, teachers need feedback on these real time patterns 
because this is the timescale in which they act, and therefore can assert direct influence. 
7.2.2 Empirical part 
The empirical part of the thesis zoomed in on different aspects of the theoretical model. 
The longitudinal dataset which all studies were part of consisted of coded video-
observations, semi-structured interviews and questionnaires of eight violin and cello 
teachers and 38 of their beginning students. In each study, the focus was on the 
interaction patterns between the teacher and student. Different methods were used to 
measure and analyze different aspects of the teacher-student transactions, both 
quantitative and qualitative.  
Scaffolding 
The first two studies focused on multiple-case studies of micro-level scaffolding patterns. 
In both studies, complementary aspects of how the teacher scaffolds the skill acquisition 
of the music student were measured. In the first study (chapter 3 of this dissertation), we 
looked at the connection between the performance levels of two students on the one hand 
and the duration and type of instruction of their teachers on the other hand, as well as the 
overlap between teacher and student behaviors. For one of the two students, we found a 
clear connection between the level of the student on the one hand and both the 
instruction duration and the type of instruction (generally moving from directive to more 
indirect) of the teacher on the other hand, which is consistent with the scaffolding theory. 
The other teacher-student dyad did not show this pattern, which lead us to hypothesize 
that the nature of the goals may have played a role; one would see clearer scaffolding 
patterns relating to goals that can be reached within a few lessons, compared to goals that 
take longer to reach. Another finding was that the overlap between student and teacher 
behaviors increased over time, which is an indicator of socially mediated learning. While 
the first two hypotheses are a direct test of an important aspect of scaffolding (the 
coupling between the student level and the level and intensity of teacher support), the 
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third hypothesis deals less with a direct aspect of scaffolding. The finding hints at the 
assumption that scaffolding takes place at an intermental level, through joint action of the 
teacher and student. On the long term, however, one would also expect that scaffolding 
moves from this intermental level to an intramental level, i.e. the student can execute the 
task independently (fading). This observation does not provide evidence of fading, and 
neither do the other two measures. 
 
The second study (chapter 4 of this dissertation) looks at scaffolding from a slightly 
different perspective. In his study, we examined patterns in the relationship between the 
performance level of the student and the complexity level of the assignment of a teacher 
within lessons. We measured both the content and the temporal structure of the 
interaction patterns and looked both at (one lag/ step) sequences and variability of longer 
patterns over time. Also, this study was a first exploration into the differences in 
scaffolding patterns when one teacher scaffolded four different students (one at a time). 
The results of this second study highlight the importance of taking intra-individual 
variability into account as a central developmental mechanism when looking at teacher –
student interaction in general and scaffolding in particular. Although previous studies 
have taken contingency of the student assignment and the next scaffolding action of the 
teacher into account, our study shows the relevance of extending these patterns. The 
explorative results on within-teacher differences further illustrate clear differences 
between the scaffolding patterns that the teacher engaged in with the above-average 
performing student compared to the other three below-average performing students. 
More specifically, the teacher showed a larger variety in responses to a correct student 
performance, more contingent scaffolding and a greater variability in scaffolding 
interactions with the well-performing student, compared to the other students. This 
means that scaffolding is likely to be dyad-specific, and that relatively stable student 
characteristics play a role in the differences in real-time scaffolding between dyads. 
However, we did not find much evidence for increases or decreases of the scaffolding 
measures over longer periods of time (18 months), indicating that the dyads do not 
become better adapted to one another as they get to know each other better. 
Autonomy 
In the fifth chapter of the thesis, the focus was exclusively on autonomy development. A 
mixed-method study was conducted to examine how student autonomy is co-regulated 
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through teacher-student interactions. The literature on autonomy in educational settings, 
which focuses mostly on macro-level variables (e.g. how is the teacher’s general teaching 
style (autonomy supportive or controlling) related to various student outcomes, such as 
the student’s general sense of autonomy and motivation) indicates a positive relationship 
between the teacher’s autonomy supportive behaviors and student autonomy. However, 
the micro-level data of this study revealed large differences in the ways in which 
autonomy was co-regulated between different teacher-student dyads. For instance, 
whereas one dyad showed mutual reinforcement in autonomy levels (the teacher 
responded positively to every student initiative, after which the student felt comfortable 
taking even more initiative), the same autonomy supportive teaching did not elicit a 
higher level of initiative in another student. The second, cross-sectional study was aimed 
at investigating if one particular aspect of the autonomy co-regulation (the moment-to-
moment difference between the student’s level of autonomy expression and the teacher’s 
concurrent level of autonomy support) is connected to macro-level variables. The results 
showed that there is a positive relation between this level of out-of-synch in the real-time 
interactions on the one hand and the student’s overall progress and motivation (as 
measured by the teacher) on the other hand. These results were contrary to what was 
expected. Usually, in developmental research (mostly on parent-child interactions), 
similar measures of dyadic synchrony are positively related to developmental outcomes 
(the more in-synch, the better). However, the overall out-of-synch durations in this 
sample were quite low, which gives rise to the hypothesis that synchronized autonomy 
co-regulation might have an u-shaped connection to learning outcomes: a moderate level 
of out-of-synch might create the necessary friction that is needed to challenge the student, 
but very high levels indicate a maladaptive interaction which in the end can lead to 
negative outcomes. 
Intertwining of scaffolding and autonomy 
In the last empirical study (chapter 6), different parts of the theoretical model were 
brought together by examining how interaction patterns in scaffolding and autonomy co-
regulation relate to one another, and how these patterns change over longer periods of 
time. The central question was to what extent the structure of the data was idiosyncratic 
(i.e. different for different dyads) or whether the relations between variables were 
comparable for the four dyads. Overall, the four dyads show somewhat higher levels of 
contingent scaffolding than the levels reported in the empirical literature. Over time, the 
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dyads show a decrease in out-of-synch levels, indicating that the teacher and student 
become better adapted to one another in terms of autonomy, but not necessarily in terms 
of scaffolding (since the levels of contingent scaffolding varied around the same mean). 
Further, we see a difference between the two students with an overall high need of 
autonomy, compared to the students with a lower need for autonomy. The low autonomy 
dyads seem to develop more and more teacher-directed interaction patterns over time, 
which is not true for the high autonomy dyads. The relationship between the autonomy 
and scaffolding variables seems complex rather than straightforward. The relationship is 
in any case highly idiosyncratic, as the underlying component structure is different for 
each of the four dyads. The cluster analyses revealed that the changing relationship 
between variables is again very different for each dyad. However, also some important 
similarities can be noted. All dyads start with a (short) period of ‘adjustment’, either in 
terms of somewhat disruptive interactions (‘conflict’) or in an unbalanced interaction. 
After this adjustment phase, two of the dyads alternate between lessons where the focus 
is either on promoting the student’s autonomy or primarily on skill acquisition. In the 
lessons of the third dyad however, both skill acquisition and autonomy are reinforced 
together, resulting in a positive flow-like state.  
 
The clusters of data points are robust, i.e. different methods of clustering (HCA and K-
means) yield the same or highly similar results. While cluster analyses help us group 
measurement points on the basis of similarities and differences with other groups, the 
question remains to what extent the clusters have clear, distinct boundaries or whether 
boundaries are fuzzy because the interaction patterns show a gradual change over time. 
Future research can incorporate this aspect by also looking at the Euclidean distance 
matrices. These matrices, which represent the absolute differences of each measurement 
point to each other, provide the basis on which hierarchical clusters are built. Such 
matrices can also be used to construct a visualization of the distances. By visually 
inspecting the Euclidean distance matrices, one can determine whether the dataset 
displays distinct groups, or whether change over time is more gradual. 
7.3 Discussion 
7.3.1 Theoretical discussion 
Although complexity in educational settings is recognized theoretically, it is rarely the 
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focus point of research. The main strength of this thesis is that by taking the student-
teacher interactions from moment to moment as the unit of analysis, this complexity in 
learning and teaching processes can be captured. The longitudinal design of the current 
project makes it possible to examine how stable teacher and student characteristics 
emerge out of repeated interactions and how these characteristics in turn influence the 
next episodes of interaction. As with all research, this project raises fundamental issues 
that need to be explored further in future research.  
 
The first issue concerns the role of autonomy in educational settings. Autonomy plays a 
central role in development throughout childhood as children progress from infants who 
cannot distinguish between themselves and the social environment to adolescents who 
form their own opinions. Learning itself (inside and outside educational settings) can be 
seen as an autonomous act since the student is an active participant in the construction of 
new knowledge and skills. Self-determination theory defines autonomy as acting from free 
will, in accordance with one’s sense of self (Deci & Ryan, 2008). It is therefore an inherently 
subjective experience; the same behavior under the same circumstances may be 
experienced by one person as completely voluntary, whereas someone else might feel 
pressured to do it. Probably because of that, autonomy is practically always measured 
with self-report questionnaires. Questionnaires only measure an aggregated and explicit 
sense of autonomy (how autonomous the person in general feels). Deci and Ryan 
themselves, however, have often mentioned the importance of the (social) context in 
supporting or hindering autonomy (Ryan & Deci, 2000; Ryan et al., 1995) although they 
do not intend to point to the environment as the simple cause of a person’s experience of 
autonomous motivation, but rather as a catalyst that plays a role in developing intrinsic 
motivation (Ryan & Deci, 2000, p. 58). This would imply, as is the case developmental 
processes in general, that an overall sense of autonomy is constructed out of the moment-
to-moment interactions between the person (student) and his or her environment in 
everyday life. This moment-to-moment construction of autonomy is experienced 
qualitatively different from the sense of autonomy that is accessed through 
questionnaires; autonomy in the here-and-now is implicit and experiential while the 
overall sense of autonomy that is measured with questionnaires is explicit and reflective 
(that is, when you ask a person to think about his or her level of autonomy, the question 
itself changes the actual experience of autonomy) (see De Ruiter-Wilcox, van Geert, & 
Kunnen, submitted, for a similar discussion of self-esteem, of which autonomy is an 
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essential component). The issue remains how to translate an overall, higher-order 
psychological variable to properties of real time interactions. In the field of complex 
systems research on (developmental) psychology, this is a well-known problem (see the 
discussion in van Geert & Steenbeek, 2005; van Geert & Fischer, 2009). So far, there are 
two opinions about how we might address this. The first group of scholars, who study 
immediate online emergence of behavior that takes place in a closed loop between 
individual and context (e.g. Schöner & Thelen, 2006; Thelen & Smith, 1994), argues we 
should not bother ourselves with studying higher order psychological processes but 
instead focus solely on embodied, physical characteristics of development that can 
directly be observed (such as patterns in leg-kicking of infants or eye movements). The 
second group (e.g. Geert & Fischer, 2009; Geert & Steenbeek, 2005) takes more liberty by 
arguing that higher order psychological parameters emerge out of the emotional, 
behavioral and cognitive processes on the micro-level. They state that in turn, these 
parameters govern events on the micro level, which means constructs can also be the 
topic of study from a complex systems point of view (opposite to the view of the first 
group, it is argued that ‘psychological constructs’ are not necessarily internal ‘machines’ 
that cause behavior but are instead processes embedded in interaction between the 
person and environment) (see also De Ruiter-Wilcox, van Geert & Kunnen, submitted). 
Taking the latter perspective does require a ‘leap of faith’ because in self-determination 
theory itself, autonomy is not defined in terms of observable behavior but much more as 
an explicit, aggregated construct (although by stressing the importance of the 
environment, the embodied nature of this construct is also recognized). From the fact that 
we have attempted to define autonomy and autonomy support in real time, it is obvious 
that we take the perspective of the second group. However, I think that research on real-
time autonomy development would benefit from conceptualizing autonomy not only on 
the behavioral level, but also on other levels. I will further discuss in the Methodological 
discussion. 
 
The second theoretical point concerns the role of the structural aspects of interaction, 
such as intra-individual variability, in learning in (music) educational settings. We have to 
distinguish here between the temporal contingencies (i.e. how does the teacher match his 
behavior to what the student did just before) and structural characteristics of the whole 
time series, such as variability. In terms of contingent sequences, our data shows that the 
teacher does not always match his behavior to the previous student response. The 
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question is whether this is necessarily negative for learning; in terms of autonomy, for 
instance, we saw that more friction in the interaction (i.e. less contingent sequences) was 
associated with positive outcomes. In terms of intra-individual variability of interactional 
patterns, the literature shows different types of association between micro-level 
variability and long-term outcomes. In parent-child interactions (measured on an 
affective level), more variability is overall positively related to long-term outcomes (e.g. 
Lunkenheimer et al., 2011). The idea is that intra-individual variability in affective states 
indicates flexibility in parent-child interaction, which allows the dyad to explore different 
states, and therefore fosters long-term development. In a study comparing teacher-
student interactions in two different classrooms (Mainhard et al., 2012), however, intra-
individual variability in affective teacher-classroom interactions was found to be 
negatively associated to learning outcomes. Another line of research focusses on the role 
of variability around specific developmental transitions. Variability often shows a spike 
around the timing of the transition (Lichtwarck-Aschoff et al., 2012; Siegler & Svetina, 
2002; van Dijk et al., 2009). The function of variability with regard to long-term outcomes 
thus seems to depend heavily on both the context and the timing of the measurement 
(van Dijk & van Geert, submitted). In Chapter 4, we have discussed how intra-individual 
variability might relate to scaffolding. The concept of scaffolding itself translates into high 
variability, because the student and teacher level are mutually coupled and constantly 
changing to maintain the optimal distance between the two. However, skills acquisition in 
music (as well as in other domains, such as mathematics) also requires prolonged 
episodes of consolidation. With regards to consolidation, a distinction can be made 
between mere repetition without alteration, or deep practice aimed specifically at 
refining the newly acquired skills (see also the concept of deliberate practice; Ericsson, 
Krampe, & Tesch-Romer, 1993). Both forms are not taken into account in the scaffolding 
concept. They are, however, associated with stronger attractor states. For instance, while 
practicing a specific skill, the student may appear to be at the same level and the teacher 
assignment as well (although deep practice may require small changes in the teacher 
assignment) which is in turn associated with low variability. In sum, also in learning 
contexts, different levels of variability are likely to be associated with different phases of 
the learning process (high variability is associated with acquiring new skills or transitions 
from one learning strategy to another; low variability is associated with consolidation of a 
newly acquired skill). Regarding the affective or motivational side of the teacher-student 
interaction (such as autonomy co-regulation), however, more research is needed on how 
 154 
 
intra-individual variability plays a role in different phases of the learning process. 
7.3.2 Methodological discussion 
In terms of methodology, a strength of this thesis is that it explores a wide range of 
methods to measure and analyze the dynamics of teacher-student transactions from 
video-observations. Rich information was gathered by integrating data from different 
(both quantitative and qualitative) perspectives and by combining comparisons on the 
group level with intensive longitudinal measurements over time.  
 
There are several discussion points when it comes to the way in which the autonomy 
variables were measured. First, autonomy was measured only from verbal utterances. We 
did this because it is the most congruent with how autonomy was measured in other 
settings. However, learning to play a musical instrument also has a prominent physical 
side to it. The degrees of freedom in movement could also very likely play a substantial 
role in the student’s moment-to-moment sense of autonomy. A teacher who is physically 
close to the child and places the student’s fingers on the bow while playing, for instance, is 
displaying a higher level of control than a teacher who sits back and lets the child play 
uninterrupted. That is, autonomy support can be seen as physically embodied. The idea 
that learning in general is embodied in (physical) actions is certainly not specific to music 
(see Thelen, 1995). For instance, embodiment has also been studied in learning 
mathematical concepts (where it takes the form of gestures, pointing at parts of the 
assignment etcetera) (Edwards, 1999; Nemirovsky & Ferrara, 2008). Because learning to 
play a musical instrument has a central motor component, it is a highly appropriate 
context for studying how embodied learning takes place. In sum, it would be highly 
relevant to measure physical embodiment of learning in future studies on musical 
development. 
 
Another discussion point regarding our coding of autonomy is the teacher’s scale of 
autonomy support. Most studies only distinguish between autonomy supportive and 
controlling teacher styles. However, more subtle differences in the degree to which 
teacher utterances are directive (e.g. saying ‘you did well’ versus ‘how did you think that 
sounded?’) go unnoticed. This is why we constructed a scale of autonomy supportive 
behavior (see Meindertsma, van Dijk, Steenbeek, & van Geert, 2013) for a scale of 
‘openness’ of the teacher’s verbal utterances, which is based on the same principles). Note 
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that this is not an interval but an ordinal scale; the order of the categories on the scale 
was defended on the basis of the literature (see Chapter 5). Despite the fact that this was 
not an interval scale, averages and distances between averages on the different scales 
were calculated, which can be seen as a limitation of this study. These calculations were 
needed to obtain the out-of-synch variable (the difference between the moving averages 
of the teacher’s autonomy support and student’s autonomy expression). Despite it being 
based on ordinal scale calculations, this outcome measure is valid: all possible 
combinations of teacher and student behaviors that would lead to an absolute difference 
larger than 1 on the combined measure are indeed moments where the interaction can 
qualitatively be described as being asynchronous (e.g. the student displaying high 
autonomy and the teacher responding with directive instruction/ feedback or an explicit 
autonomy diminishing remark; the teacher asking a question and the student not 
responding). 
 
As argued under Theoretical discussion, higher order psychological constructs can be seen 
as environmentally embedded processes and therefore coupled to real time interactive 
processes which are often implicit. This means that in order to measure these constructs 
they have to be translated into observable behaviors and verbalized cognitions and 
emotions. Some variables are more easily translated into real-time behavior than others. 
In our case, the concept of scaffolding is already formulated in terms of actual behavior 
(the support of the teacher should be adapted to the level of performance that the student 
showed just prior to that moment). With autonomy, as discussed before, this is not really 
the case as its real time expressions are often more implicit.  
 
In this project, real time autonomy was measured as coded (verbal) behavior of teacher 
and student. Future research can expand this data by incorporating real time, explicit 
autonomy measures. Often when psychological constructs are measured explicitly in real 
time (by for instance, thinking aloud protocols or time sampling questions) the focus on 
the student’s perception of some thought or emotion interferes with the experiential side 
of the process (De Ruiter-Wilcox, van Geert & Kunnen, submitted). One way to avoid this 
is by having teachers and students review the previously recorded lesson immediately 
afterwards and provide comments on their motives for behaving the way they do parallel 
to the video recording. This would allow for (qualitative) insight in how their perceptions 
of goals and psychological needs relate to their behavior over time. Another (quantitative) 
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way of capturing for instance the level of autonomy of the student would be to let the 
student continuously rate his or her level of autonomy during the previously recorded 
lesson using a mouse paradigm (Vallacher, Nowak, & Kaufman, 1994). Concluding, 
combining implicit and explicit (non-interfering) measures would provide us with 
valuable information on how these real time dimensions relate to one another and thus 
provide us with a more complete image on how learning occurs in real time. 
7.3.3 Practical implications 
Although this study was mainly fundamental in nature, the applied music educational 
context makes it possible to formulate practical implications. 
 
First, the teachers in this sample show a somewhat higher level of contingent teaching 
compared to other studies, which often take place in classroom settings (although, of 
course, there is still room for improvement). It shows thereby that scaffolding might be 
easier applied in one on one teaching settings compared to large classrooms where the 
teacher has to tune in to many different students at the same time. Because of the complex 
nature of instrumental learning, the individual nature of instrumental music lessons 
makes this a very appropriate context for scaffolding.  
 
Second, although teachers apply contingent scaffolding, we see that the teachers took a 
relative directive role in their lessons (the average level of autonomy support was often 
negative on a scale from -1 to 1; see for instance Chapter 6); this might in part be due to 
the learning process (the precise skills needed to play an instrument). On the long term, 
especially with students who already have a lower inclination to take initiative, this might 
transform more and more into a completely teacher-directed process, opposite to the 
intention of scaffolding. Therefore, teachers need to realize that autonomy and intrinsic 
motivation can also be supported or ‘scaffolded’ in a similar way in which skills can be 
scaffolded. This is in line with the model of interest development by Hidi and Renninger 
(2006), where interest is first actively supported though the child’s environment, and on 
the long term develops into more stable, intrinsic motivation. Concluding, scaffolding 
student’s autonomy is as relevant as scaffolding the acquisition of knowledge and skills, 
and might contribute to a learning process that is more meaningful to the student himself, 
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In de afgelopen decennia is er een groeiende belangstelling voor 
ontwikkelingspsychologisch onderzoek naar muziek. Vaak gaat het daarbij om de effecten 
van het volgen van muziekles op de ontwikkeling van kinderen op andere vlakken. Er is 
bijvoorbeeld gebleken dat het volgen van muziekles een positief effect kan hebben op de 
leesvaardigheid, het ruimtelijk inzicht en de algemene intelligentie van kinderen, maar 
ook op het gebied van zelfvertrouwen en sociale vaardigheden (zie Hallam, 2010, voor 
een overzicht van de effecten van muziek op uiteenlopende gebieden). Daarbij merkt 
Hallam wel op dat met name de effecten op sociaal vlak afhankelijk zijn van hoe het kind 
de muziekles beleeft. Alleen wanneer kinderen met plezier muziek maken, heeft dit een 
positief effect op andere gebieden.  
 
Dit type onderzoek wordt vaak aangehaald om beleidsmakers ervan te overtuigen dat 
investeren in muzieklessen op school en daarbuiten belangrijk is. Het gaat daarmee 
echter voorbij aan een belangrijk punt: de waarde van muziek op zich. Muziek speelt vaak 
een centrale rol in het leven van veel mensen en kinderen en jongeren maken daar geen 
uitzondering op (McPherson et al., 2012). De muzikale ontwikkeling van kinderen en 
jongeren speelt zich zowel af in het informele domein (bijvoorbeeld wanneer kinderen 
hun favoriete muziek opzoeken op YouTube, of met vrienden in een band spelen) als in 
een formele context (bijvoorbeeld tijdens klassikale of individuele muzieklessen). Deze 
centrale rol van muziek maakt het voor psychologen relevant om te bestuderen hoe 
kinderen zich op muzikaal gebied ontwikkelen en zich bepaalde vaardigheden eigen 
maken, zoals dat bijvoorbeeld ook gebeurt bij het leren praten, lezen of rekenen.  
 
Dit proefschrift richt zich op sociaal gesitueerd leren binnen individuele viool- en 
cellolessen. Sociaal gesitueerd betekent dat het leren plaatsvindt door middel van 
interactie tussen mensen; in dit geval tussen leerling en docent. Zowel de leerling als de 
docent leveren een actieve bijdrage aan het verwerven van vaardigheden, maar ook aan 
bijvoorbeeld de motivatie van de leerling. Het zien van leren als een sociaal proces is 
centraal in de theorieën van Vygotsky, de theorie van scaffolding en de zelfdeterminatie 
theorie (Deci & Ryan, 1985; 2000). Het doel van dit proefschrift is te beschrijven hoe 
scaffolding en zelfdeterminatie (autonomie) zich ontwikkelen door de interactie tussen 
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leerling en docent, zowel op microniveau (binnen lessen) als over langere tijd.  
Aan dit onderzoek deden 8 viool- en cellodocenten en 38 van hun beginnende leerlingen 
mee. Alle docenten gaven les volgens de Suzukimethode, een internationaal veelgebruikte 
methode voor het leren bespelen van een muziekinstrument, waarbij de nadruk ligt op 
spelen op gehoor voordat  bladmuziek wordt geïntroduceerd, waardoor kinderen al jong 
in staat zijn om te starten met muziekles. De leerlingen en docenten werden anderhalf 
jaar lang gevolgd. De een-op-een interacties tussen docent en leerling, die de basis van het 
onderzoek vormden, werden geanalyseerd door middel van video-opnames van de lessen. 
Verder vulden de ouders en leerlingen vragenlijsten en een ‘oefendagboek’ in, hielden de 
docenten een logboek bij van de doelen waaraan in de les gewerkt was, en werden de 
docenten na afloop van het onderzoek geïnterviewd. Het proefschrift bestaat uit twee 
gedeeltes: een theoretisch gedeelte (hoofdstuk 2) en empirisch gedeelte (hoofdstukken 3, 
4, 5 en 6) waarin de resultaten uit het onderzoek worden behandeld.  
 
In hoofdstuk 2 wordt een theoretisch model voor het bestuderen van interacties tussen 
leerling en docent in muzieklessen gepresenteerd. We bespreken hoe de concepten van 
scaffolding en autonomie een rol spelen in de interactie tussen muziekdocent en leerling, 
en hoe ze zich tot elkaar verhouden. Wanneer we de ontwikkeling van de interactie 
tussen leerling en docent in kaart willen brengen, kunnen we deze meten op verschillende 
tijdsschalen. Ten eerste kan worden gekeken naar patronen in de interactie van moment 
tot moment; dit noemen we de micro-tijdsschaal. Daarnaast kunnen we ook kijken naar 
de ontwikkeling over langere tijd, bijvoorbeeld verandering over weken, maanden of 
jaren. Dit wordt de macro-tijdsschaal genoemd. Deze tijdsschalen zijn wederzijds met 
elkaar verbonden. Enerzijds komen lange-termijn veranderingen direct voort uit de 
interactiepatronen in het hier-en-nu. De interacties tussen leerling en docent in de 
muziekles zijn als het ware de bouwstenen voor het leerproces over langere tijd. 
Anderzijds heeft de lange-termijn ontwikkeling ook invloed op de veranderingen op de 
micro-tijdsschaal: wat er tot nu toe gebeurt is, bepaalt mede hoe de interactie in de 
volgende les eruit ziet. Dit theoretisch model is de leidraad geweest voor de volgende 
hoofdstukken, waar we ‘inzoomen’ op verschillende aspecten van de ontwikkeling van 
scaffolding en autonomie binnen de leerling-docent interactie. In het huidige onderzoek 
staan de begrippen scaffolding en autonomie centraal. 
 
Een scaffold is een steiger, zoals die bijvoorbeeld gebruikt wordt in de bouw. Zoals een 
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steiger een bouwwerk kan ondersteunen terwijl eraan gebouwd wordt, zo verwijst 
scaffolding naar het ondersteunen van de leerling door de leerkracht tijdens het uitvoeren 
van een taak of het leren van een nieuwe vaardigheid. Tussen het niveau van de leerling 
en dat van de docent zit idealiter een optimale afstand: als de opdracht te gemakkelijk is, 
heeft de leerling niet de kans om echt iets nieuws te leren, maar als de afstand te groot en 
de opdracht dus te moeilijk is, pikt de leerling hier ook niets van op. Wanneer de leerling 
zich met behulp van de docent een nieuwe vaardigheid eigen heeft gemaakt, kan de 
geboden hulp langzaam worden afgebouwd totdat de leerling het zelfstandig kan. Het is 
hierbij dus van belang dat de docent in staat is om zijn niveau telkens aan te passen aan 
wat de leerling op dat moment laat zien.  
 
Omdat het volgen van muziekles (vaak) helemaal vrijwillig is, en omdat het bespelen van 
een muziekinstrument een complexe vaardigheid is die het nodige doorzettingsvermogen 
vergt, is het belangrijk om niet alleen te kijken naar de ‘taakgerichte’ kant van het 
leerproces, maar ook naar factoren die belangrijk zijn voor de motivatie van de leerling. In 
de literatuur wordt er onderscheid gemaakt tussen verschillende soorten motivatie. Aan 
de ene kant is er extrinsieke motivatie, wat betekent dat de motivatie om iets te doen 
wordt bepaald door voorwaarden van buiten, zoals beloning en straf. Aan de andere kant 
is er intrinsieke motivatie: motivatie die uitgaat van de leerling zelf. Deci en Ryan (Deci & 
Ryan, 2008; Deci et al., 1991) stellen dat mensen drie psychologische basisbehoeften 
hebben, die het ervaren van intrinsieke motivatie bevorderen. De eerste is de behoefte 
aan autonomie, waarmee de behoefte om te handelen vanuit jezelf en zelf een actieve rol 
in je leerproces te spelen wordt bedoeld. De tweede basisbehoefte is competentie. Dit is 
het gevoel dat je bepaalde doelen kunt bereiken. En de derde basisbehoefte is de behoefte 
aan verbondenheid met de mensen om je heen. Deze drie basisbehoeften zijn onderling 
met elkaar verbonden; het volbrengen van een taak leidt bijvoorbeeld alleen tot een besef 
van competentie als de leerling daarin een actieve rol heeft gespeeld (Ryan et al., 1995). 
 
Net zoals de docent een belangrijke rol speelt in het onder de knie krijgen van bepaalde 
vaardigheden, kan hij of zij ook een belangrijke rol spelen in het stimuleren van het gevoel 
van autonomie, en daarmee de intrinsieke motivatie van de leerling. De docent kan het 
gevoel van autonomie van de leerling proberen te versterken door ruimte te laten voor en 
het stimuleren van eigen initiatief van de leerling. Dit kan bijvoorbeeld door het 
aanmoedigen van de leerling, het geven van keuzevrijheid binnen de les en het zich 
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verplaatsen in het perspectief van de leerling. De docent kan echter ook het gevoel van 
autonomie van de leerling verminderen, bijvoorbeeld door de leerling te bekritiseren, 
veel directieve instructies te geven (‘doe dit’) en de oplossing van een probleem geven 
voordat de leerling zelf de kans heeft gehad om erover na te denken (Reeve & Jang, 2006). 
Uit de literatuur is gebleken dat wanneer een docent over het algemeen een stijl van 
lesgeven heeft die gericht is op het ondersteunen van de autonomie van de leerling, de 
leerlingen van deze docent gemiddeld ook daadwerkelijk meer autonoom gedrag laten 
zien en meer gemotiveerd zijn (Reeve et al., 2004; Stroet et al., 2013). Andersom is het 
niet ondenkbaar dat deze invloeden ook de andere kant op gaan; leerlingen kunnen 
verschillen in de mate waarin ze zich autonoom opstellen in de les. Dit kan in meer of 
mindere mate autonomie-ondersteunend gedrag van de docent uitlokken. 
Resultaten 
In hoofdstuk 3 wordt de relevantie van het concept scaffolding voor het bestuderen van 
het leren bespelen van een muziekinstrument besproken. Binnen de les werd van 
moment tot moment het gedrag van de leerling en docent gemeten. Er is daarbij gekeken 
naar de hoeveelheid en soort ondersteuning (bijvoorbeeld het geven van hints en 
feedback, maar ook voorspelen) die de docent biedt terwijl de leerling een bepaalde 
opdracht uitvoert in relatie tot het niveau van twee leerlingen gedurende twee maanden 
les. Bij één van de twee leerlingen is er een duidelijk verband tussen de hoeveelheid 
ondersteuning die de docent biedt en het type ondersteuning enerzijds, en het niveau van 
haar spel anderzijds. Bij de andere leerling was dit verband minder duidelijk. 
 
Hoofdstuk 4 bekijkt scaffolding vanuit een iets ander, aanvullend perspectief. In deze 
studie werd gekeken naar de connectie tussen het niveau van de opdracht die de docent 
in een les geeft, en de uitvoering van deze opdracht door de leerling. We analyseerden 
zowel opeenvolgingen (sluit de volgende opdracht van de docent goed aan bij het niveau 
dat de leerling op dat moment heeft bereikt, oftewel is er sprake van contingente 
scaffolding) als patronen in langere ketens van acties en reacties. Tevens was deze studie 
een exploratie van de mogelijke verschillen in scaffolding-interacties tussen één docent en 
meerdere leerlingen. De resultaten van deze studie benadrukken het belang van intra-
individuele variabiliteit als centraal veranderingsmechanisme in leerprocessen. De 
(exploratieve) resultaten laten duidelijke verschillen zien tussen een leerling die over het 
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algemeen bovengemiddeld vooruit gaat en drie andere leerlingen die een beneden 
gemiddelde vooruitgang laten zien. Contingente scaffolding kwam vaker voor in de 
interacties met de bovengemiddelde leerling, en daarbij werden de interacties met deze 
leerling gekenmerkt door meer variabiliteit, vergeleken met de andere drie leerlingen. 
In hoofdstuk 5 werd er gekeken naar de co-regulatie van autonomie tussen de leerling en 
docent. In de literatuur wordt vaak een positief verband gevonden tussen de mate van 
autonomie-ondersteunende gedragingen door de docent, en de mate waarin de leerling 
zich autonoom voelt. De data van deze studie, waarin rekening werd gehouden met 
bidirectionele invloeden, schetst een veel complexer beeld. Wanneer we inzoomen op hoe 
autonomie gereguleerd of ‘onderhandeld’ wordt tijdens de muziekles, blijken er grote 
verschillen tussen leerling-docent dyades te bestaan, die deels te maken hebben met 
verschillen in de behoefte aan autonomie van de leerling. Ook werd er gemeten hoe vaak 
in de les de docent en de leerling sterk uiteenlopen in respectievelijk het niveau van 
autonomie-expressie en autonomie-ondersteuning die ze op dat moment laten zien. We 
noemen dit niet-synchrone momenten. Het bleek dat, tegengesteld aan onze 
verwachtingen, juist bij leerlingen die goed vooruit gingen, en bij leerlingen die 
gemotiveerd waren, er meer niet-synchrone momenten in de docent-leerling interactie 
waren. Mogelijk is deze frictie in bepaalde mate nodig voor het in gang zetten van leren, 
bijvoorbeeld als de docent de leerling aanmoedigt om meer initiatief te tonen dan deze op 
dat moment doet. 
 
Tenslotte werden in hoofdstuk 6 de verschillende elementen van het theoretisch model 
samengebracht. Er werd onderzocht hoe interactiepatronen tussen docent en leerling met 
betrekking tot autonomie en scaffolding zich tot elkaar verhouden, en hoe ze over langere 
tijd veranderen. Over een periode van 18 maanden laten drie van de vier leerling-docent 
dyades een afname in niet-synchrone momenten zien, wat betekent dat de docent en 
leerling beter op elkaar afgestemd raken op het gebied van autonomie. Op het gebied van 
scaffolding zien we echter geen duidelijke trend over de tijd. Verder wijst de data op een 
complexe relatie tussen scaffolding en autonomie. In ieder geval is deze relatie erg 
verschillend voor elk van de onderzochte leerling-docent dyades. Verder bleek uit de 
clusteranalyses dat alle vier dyades beginnen met een periode waarin er sprake is van 
minder goede afstemming op verschillende vlakken, maar dat dit na verloop van tijd 
verbetert. Opvallend is verder dat twee docent-leerling dyades afwisselen in lessen die 
ofwel meer gericht zijn op het aanleren van vaardigheden, ofwel vooral op het vergroten 
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van autonomie. Bij een dyade komen kwalitatief goede scaffolding en positieve interacties 
op het gebied van autonomie juist vooral samen voor. 
 
Algemene conclusies en aanbevelingen voor onderzoek en praktijk 
De belangrijkste kracht van deze studie is dat, door de interactie tussen student en docent 
in het hier-en-nu als uitgangspunt te nemen, meer kennis is verkregen over de 
‘bouwstenen’ van de leerprocessen over langere termijn, bijvoorbeeld de co-regulatie van 
autonomie en variabiliteit binnen de leerling-docent interactie. Zoals vaak het geval is, 
roept dit onderzoek naast antwoorden ook nieuwe vragen op, die aan bod zouden moeten 
komen in toekomstig onderzoek. 
 
Het eerste punt betreft de rol van intra-individuele variabiliteit in 
onderwijsleerprocessen. Eerdere onderzoeken op andere domeinen laat zien dat intra-
individuele variabiliteit geassocieerd wordt met transities in de ontwikkeling. Ook in het 
huidige onderzoek zijn hier aanwijzingen voor gevonden. De exacte functie van 
variabiliteit heeft echter te maken met zowel de context als de timing van het onderzoek. 
De data van dit proefschrift suggereren dat grotere variabiliteit geassocieerd kan worden 
met scaffolding, maar dat meer voorspelbare patronen mogelijk te maken hebben met 
consolidatie van de geleerde vaardigheid. Zowel scaffolding (het toewerken naar een 
hoger doel) als consolidatie zijn fundamentele kenmerken van leren; verder onderzoek 
moet uitwijzen hoe ze zich tot elkaar verhouden. 
 
Het tweede punt heeft betrekking op het meten van processen die zich in het hier-en-nu 
afspelen. Observationeel onderzoek is hiervoor de aangewezen methode, maar kan als 
nadeel hebben dat de bijbehorende cognities en emoties (die zich deels vertalen in 
gedrag, maar zich ook deels intern afspelen) niet worden meegenomen. Een mogelijke 
oplossing hiervoor zou zijn het na-evalueren van de video-opname met de docent en met 
de leerling, zodat ook de onderliggende drijfveren voor bepaald gedrag kunnen worden 
gekoppeld aan het gedrag zelf. 
 
Alhoewel dit onderzoek in de eerste plaats fundamenteel is, kunnen er ook een aantal 




Ten eerste is de mate van contingente scaffolding in onze data meestal hoger dan in de 
literatuur wordt gerapporteerd (hoewel er uiteraard nog ruimte is voor verbetering). Dit 
illustreert dat scaffolding waarschijnlijk beter kan worden toegepast in één-op-één 
interacties tussen leerling en docent, vergeleken met situaties waarin klassikaal wordt 
lesgeven.  
 
Ten tweede laat de data zien dat hoewel de docenten goed waren in het toepassen van 
scaffolding, ze ook regelmatig een directieve rol in de interactie hadden. Met name bij 
leerlingen die weinig autonomie laten zien, kan dit over langere tijd leiden tot een 
patroon waarbij de leerling steeds minder inbrengt, en de docent als gevolg daarvan 
steeds meer voor de leerling gaat ‘invullen’ (zie bijvoorbeeld de casus van Milou in 
hoofdstuk 6). Het is daarom voor docenten belangrijk om te beseffen dat ze de autonomie 
van hun leerlingen kunnen ondersteunen en ‘scaffolden’ op een vergelijkbare manier als 












1. Questions about students 
Name student:..... 
 
a) How would you describe this student’s progress so far? 
1 2 3 4 5 
below average  average  above average 
 
 
b) How would you describe the student’s development during the past 18 months? 
Follow-up question: What lesson goals were important for this student? 
Follow-up question: How would you describe this student’s strengths and weaknesses? 
 
c) To what extent is this student motivated to follow violin/ cello lessons? 
Follow-up question: Do you have the impression that the student regularly practices at 
home? 
Follow-up question: What is the role of the parents in the student’s motivation and 
practice habits? 
 
d) Do you have the impression that.... 
... this student likes to play the violin/ cello? 
1 2 3 4 5 
not at all  average  very much 
 
. 
.. this student thinks he/ she is good at playing the violin/ cello?  
 
1 2 3 4 5 




... this student wants to take initiative during the lesson? 
1 2 3 4 5 
not at all  average  very often 
 
... this student is attached to you personally? 
1 2 3 4 5 
not at all  Average  very much 
 
.........N.B. Question 1a to 1d are repeated for every student.................. 
 
2. Questions about the teacher 
a) How many years have you been teaching? 
b) What do you think is important in teaching? 
Possible follow-up question: Has this changed over the years? 
 180 
 
Appendix II: Coding scheme scaffolding 




New Task The assignment is clearly different from the previous 
assignment. The first assignment of the lesson is per 
definition a New Task. 
For example: 
- Playing a different song (even though the student 
knows it from previous lessons) 
- Clapping or singing a song that just has been played 
- After playing a scale on rhythm A > playing a scale on 
rhythm B. 
Forward The assignment is more complex compared to the 
previous assignment. This means that the student has 
to do more things at the same time, or play a longer 
fragment of a piece, or playing with a clearly faster 
pace. 
For example: 
- After playing the first bars of a piece > continuing with 
the next part of the piece. 
- After playing a small fragment of a piece > playing a 
larger fragment or the whole piece. 
- After playing a rhythm on an open string > playing the 
same rhythm while using the fingers (for instance on a 
scale) 
- After playing a piece pizzicato > playing the same 
piece with the bow. 
- After playing a piece alone > Teacher plays along 
different melody 
Repeat The assignment is a repetition of the previous task, or 
almost a repetition. The assignment is on the same 
level of difficulty as the previous task. If the teacher 
asks the student to repeat something while paying 
extra attention to some aspect of the assignment, that 
also counts as a Repeat. 
For example: 
- ‘Can you play that again?’  
-‘ I need to hear that again, and pay attention that you 
keep your bow straight.’ 
- After playing a rythm on the a-string > playing the 
same rythm on the e-string. 
- ‘We are going to do this part four times... Now the 
second time.. etc.’ 
Backward The assignment is less complex compared to the 








General rule: The level of the current assignment is always coded in relation to the 
previous assignment. 
For example: 
1. Play piece A pizzicato; 2. Play piece A with the bow 
is coded as follows: 1. New Task; 2. Forward 
HOWEVER: 1. Play piece A pizzicato; 2. Play piece B pizzicato; 3. Play Piece A with the bow 
is coded like this: 1. New Task; 2. New Task; 3. New Task 
to do less at the same time or play a smaller fragment of 
a piece. 
For example: 
- After playing the whole piece > just play the first bar. 
- After playing a scale on a rythm > playing open strings 
on the same rythm. 





Table A.2.2. Student performance categories 
 
General rule: The student level is determined in relation to the assignment of the teacher. 
When the teacher says: ‘Try to make a difference between long and short bows.’, you only 
pay attention to that, not if, for instance, the student is playing in tune. When the teacher 
doesn’t give specific intructions but only says ‘Can you play that piece for me.’ you pay 




Correct The student executes the teacher’s assignment correct. 
Decision rule: In case of doubt, Correct overrules 
Partially correct. 
Partially Correct The student executes the teacher’s assignment partially 
correct. For instance, the student makes some mistakes, 
but the majority of the notes is correct.  
Decision rule: In case of doubt, Partially Correct 
overrules Incorrect 
Incorrect The student is incorrect in executing the teacher’s 
assignment. 
Decision rule: In case of doubt, Partially correct 
overrules Incorrect. 
For example: 
- When the assignment is to play a scale in tune, the 
majority of the notes are not in tune. 
- The student is not able to execute the assignment at all 
or says she doesn’t understand/ won’t or can’t do it. 
- The student does not seem to understand what is being 
asked/ does something completeley different. 






Appendix III: Coding scheme autonomy 
 



























Information Giving information about the lesson content or 
conditions, for example  introducing  a new lesson topic 
or elaborating on a student question, or explaining what 
the teacher is modeling 
Directive instruction Giving a direct assignment, which the student is 
supposed to execute immediately. Also: giving hints 
during the execution of an assignment (e.g. ‘Finger 1 on A 
now’). 
Question Asking a question. When the teacher is asking a student 
to do something, this is counted as directive instruction 
(e.g. ‘Will you play the next song for me?’) 
Feedback Giving feedback following the execution of a task or a 
student’s answer. 
Respons Answering a student’s question or literally repeating 
what the student just said. This category can only be 
scored after a student’s verbal utterance. 
Emotional scaffolding Making a remark with an emotional/ affective emphasis 
that relates (explicitly or implicitly) to the student’s 
assignment. For example: ‘But this is actually really cool 
to do.’ ‘I can imagine that this is hard for you’ 
Desicion rule: The categories Information, Directive 
instruction, Question and Feedback have priority over 
this category (e.g. Feedback with an affective emphasis is 
coded as Feedback). 
Other All verbal utterances that do not fit in any of the above 
categories (e.g. talking to the parent, singing the lyrics of 














Main student categories Description 
Remark Making a remark 
Question Asking a question 
Answer Answering a teacher question 
Other All utterances that do not fir in any of the above 
categories (e.g. talking to parent, singing) 
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Table A.3.3. Step 2: Recoding student autonomy levels 
 
Main category Level AE When Example 
Remark  1 If the remark is an initiative/ an 
attempt to actively influence the 
course of the lesson/ 
conversation  
I can do that myself 
I want to play another song 
I will play outside later 
I don’t like the way that last 
note sounded 
  0 If the student does not make an 
attempt to influence the lesson/ 
conversation 
Repeating what the teacher 
said, singing 
Question  1 For every question  
  0 N.A.  
Answer  1 If the answer is a positive reaction 
to an autonomy supportive 
expression of the teacher (N.B. 
only when the teacher relates to 
self/ independence) 
T: Do you want to try it 
yourself? 
S: Yes. 
  0 All answers to other questions. T: What string is this? 
S: The A string. 
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Table A.3.3. Step 3: Recoding student autonomy directions 
Main category Direction 
code 
When Example 
All codes Positively 
engaged 
The student is engaged in the 
current activity. The student asks a 
question or makes a remark which 
is in line with the current lesson 
topic/ conversation subject. 
Is the first note an A? 
I don’t like the way that 
last bit sounded. 
All codes  Negatively 
engaged 
The student is not actively involved 
in the current task. The student tries 
to change the topic of conversation 
or actively resists performing the 
current task. 
I want to play a different 
song 
I will play outside later (if 
the conversation was 
about something else) 




Table A.3.3. Step 2: Recoding teacher autonomy support levels 




 1 If the teacher’s remark increases 
the student’s sense of autonomy 
(pay attention to the words 
alone/ by yourself) 
I think you can do this by 
yourself now. 
Try to do it by yourself now.. 
  0 Neutral Inf/ Instr/ FB/ ES Well done! 
 -1 If the remark diminishes the 
student’s sense of autonomy (pay 
attention to the word help) 
Wait, I’ll help you with this. 
Vraag  1 When the student is encouraged 
to make a relevant decision. 
What song do you want to 
play next? 
Shall we try again, or do you 
want to quit? 
  0 If the question is about the 
content of the lesson/ does not 
imply a choice. 
On which string do we have 
to start? 
 -1 N.A.  
Response  1 If the teacher responds negatively 
to the student’s autonomous 
expression. 
S: I want to play that other 
song. 
T: Fine, go ahead. 
  0 Neutral response S: Where does this one start? 
T: On A. 
 -1 If the teacher responds negatively 
to the student’s autonomous 
expression. 




Appendix IV: Results hierarchical cluster analyses 
 
Table A.4.1. Descriptions of HCA clusters Charlotte  
 
 
Table A.4.2. Descriptions of HCA clusters Thijs 






















.92 Dispersion -1.55 Resistance 2.89 
Resistance 2.77 Engagement .59 Aut. Supp. -1,94 Out-of-
Synch 
1.09 
Aut. Supp. 2.11 Resistance -.75 Engagement -3.25 Engagement .26 
Dispersion .41 Dispersion -2.21 Resistance -3.28 Contingency -1.17 
Contingency -.4 Contingency -2.97 Out-of-
Synch 







4 data points (15.4%) 13 data points (50 %) 9 data points (34.6 %) 
Variable Test value Variable Test value Variable Test value 
Out-of-Synch 3.82 Contingency 4.29 Dispersion 1.08 
Dispersion 3.01 Engagement 3 Resistance .48 
Resistance 2.53 Aut. Supp. 2.87 Aut. Supp. -.35 
Engagement .24 Out-of-Synch -.21 Out-of-Synch -2.68 
Contingency -2.15 Resistance -2.29 Contingency -2.88 
Aut. Supp. -3.52 Dispersion -3.2 Engagement -3.34 
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Table A.4.3. Descriptions of HCA clusters Robin 
 
 


















Resistance 4.66 Dispersion 2.15 Aut. Supp 4.23 Contingency 3.84 
Engagement 3.65 Engagement .2 Out-of-
Synch 
2.31 Aut. Supp. -.51 
Out-of-
Synch 
3.08 Aut. Supp. -1.02 Contingency .98 Resistance -1.43 
Dispersion 2.88 Contingency -1.33 Resistance -1.43 Engagement -2.15 












6 data points (21.4 %) 6 data points (21.4 %) 16 data points (57.1 %) 
Variable Test value Variable Test value Variable Test 
value 
Resistance 4.98 Engagement 3 Dispersion 4.12 
Aut. Supp. 4.08 Out-of-Synch 2.48 Resistance -3.09 
Contingency 3.85 Contingency 1.39 Engagement -3.69 
Out-of-Synch 2.13 Aut. Supp. .99 Out-of-Synch -3.82 
Engagement 1.45 Dispersion -.5 Aut. Supp -4.2 





Vanaf deze plaats wil ik graag iedereen die een bijdrage heeft geleverd aan mijn 
promotieonderzoek heel hartelijk bedanken. 
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